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The Soviet government has required 
millions of its citizens to make untold 
sacrifices in order to build up an iron and 
steel industry second only to that of the 
United States of America. How fast 
could this industry be built? How big 
could it become? Where would it be 
centered? And—depending on the an- 
swers to the first three questions—how 
much could it produce? 


"The primary aim of this study is to dis- 
cuss these four problems and the solu- 
tions attempted by the Soviet Union. It 
also illuminates cerrain other questions, 
such as the relationship between Russian 
technological development and that of 
the leading noncommunist countries. The 
speed with which Soviet engineers arc 
now introducing Western and, partic- 
ularlv, American inventions is astonish- 
ing, and goes far to explain the rapid 
expansion of Russian steel production. 
Moreover, this book makes available to 
those who cannot read Russian, or lack 
the time and financial resources necessary 
to search through the source material, a 
representative bodv of statistical infor- 
mation about this virally important as- 
pect of Soviet industrial development. 


Tbe Economics of Soviet Steel is 
divided into sixteen chapters, which in 
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Foreword 


If significant achievement — as a philosopher of modern history 
contends — is a response to challenge, Soviet Russia represents an ideal 
subject of study for an ambitious economist. There is the barrier of 
unfamiliar language modified in the discussion of an abstract subject by 
the Marxist dialect; there is the paucity of factual information aggravated 
by a more or less pronounced intent to mislead and dissimulate; and 
finally, behind it all there is the unfamiliar object itself, the grim but 
fascinating experiment, conducted on a yet unprecedented scale, of com- 
pressing centuries of economic history into a few decades, of transform- 
ing a backward country into one of the two great powers of the modern 
world. 

When short of facts, economists traditionally fall back on deductive 
reasoning. Thus one approach to the explanation of the development of 
the Soviet economy was that of broad generalization, of nearly purely 
theoretical analysis which depicts the process of economic growth in terms 
of a dramatic interplay of a few fundamental relationships and forces: 
exploitative saving versus consumption, investment in consumers’ versus 
that in producers’ goods industries, reliance on international exchange of 
goods and capital transfer versus country or bloc-autocracy. 

This enforced tendency toward schematic theoretical interpretation 
of specific historical events affects not only our understanding of the 
Soviet Russian economy. It has exercised an important and positive in- 
fluence on our approach to the developmental problems of other countries 
and also on our thinking about questions of economic growth in general. 
One might even suspect that the notable revival among professional eco- 
nomic historians of interest in theoretical analysis — as contrasted to the 
minutia of straight factual description — has been indirectly, and in some 
instances even directly, engendered by the peculiar orientation of the 
Russian economic studies of the last fifteen years. 

The emphasis on broad-gauged argument, however welcome it might 
be, cannot compensate for the ignorance of elementary facts. The empiri- 
cal study of Soviet economy, confronted by the Jack of conventional 
sources of reliable quantitative and even qualitative data, displays a 
strong tendency to degenerate into a peculiar type of detective work, 
unsystematic and arbitrary in method, tendentious in purpose, cantanker- 
out in temper, and flimsy in its ultimate results. Only in the field of so- 
called aggregative analysis, which deals with such large entities as total 
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population and labor force, gross and net national income, has some real 
progress been made, and this to a very large extent can be accounted for 
by the peculiar affinity of this type of statistical inquiry to purely theoreti- 
cal analysis — its quantitative results being subject to the control of cer- 
tain simple, nearly definitional relationships of formal checks and balances. 

But for this very reason, the unmistakable advance which aggregative 
analysis has contributed to our factual knowledge of the Soviet economy 
is less than it appears to be. It tells us, for example, that investment meas- 
ured in rubles increased twice as much as consumption between two 
stated periods of time. But what this means in terms of bread and housing, 
blast furnaces, tanks and planes, we still do not know. These summary 
figures do not even tell to what extent the increase, in its parts and in the 
total income, was real and to what extent it simply reflected a rise in 
prices. 

Such questions can be answered only by detailed factual research 
based on a systematic collection and interpretation of specific informa- 
tion. These facts are actually obtainable, not in the neatly footnoted com- 
prehensive tables which we are accustomed to find in studying the econ- 
omy of a western country, but scattered here and there through the pages 
of innumerable Soviet economic and technical publications. To find and 
to interpret them one must know more than a well-trained economist is 
expected nowadays to learn; one must in addition be informed and have 
an independent critical judgment on such diverse subjects as chemistry 
of metals, agronomy, and mineralogy. 

In the present monograph, Professor Clark makes an important con- 
tribution to our knowledge and understanding of the past growth and 
future prospects of the Soviet iron and steel industry — the central, most 
vital sector of any modern industrial economy. In its development and 
present state the reader will find reflected, as in a parabolic mirror, the 
singular achievements as well as the peculiar weaknesses and failings of 
our principal competitor for economic leadership of the modern world. 


T A Wassily Leontief 
uly 9, 195 
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Introduction 


The Soviet government has required millions of its citizens to make 
untold sacrifices in order to build up an iron and steel industry second 
only to that of the United States of America. At what rate of speed, how 
big, and where was this new industry to be built? Cutting across these 
three questions is a fourth problem, productivity. The controversies and 
solutions to these closely related economic questions are of vital impor- 
tance to the Soviet people, and of more than passing interest to people 
in other parts of the world. The primary aim of this study is to discuss 
these four problems. It is hoped that it will also serve the additional pur- 
pose of shedding light on certain other questions, such as the relationship 
between Russian technological development and that of the leading capi- 
talist countries, a subject now receiving considerable attention from both 
economic historians and cultural anthropologists. This relationship, inci- 
dentally, has more than academic interest. The speed with which Soviet 
engineers are now introducing Western and, particularly, American in- 
ventions is spectacular, and goes far to explain the rapid expansion of 
Russian steel production. A third purpose is to make available to those 
who cannot read Russian, or lack the time and financial resources neces- 
ary to search through the source material, a representative body of 
statistical information about an important aspect of Soviet industrial de- 
velopment, 

The iron and steel industry is here defined quite conventionally to 
cover certain stages in the productive process, starting with the manu- 
facture of coke and the preliminary preparation of iron ore for the blast 
furnace, and including the smelting of pig iron, its conversion (with the 
addition of scrap) into steel, and the rolling of ingots into finished steel. 
The scope of this study is restricted not only topically to one industry, 
but chronologically to the Soviet epoch. No reference is made to events 
prior to 1917 unless they have a clear and obvious bearing on subsequent 
developments, This restriction in scope made it possible for the study to 
become analytical as well as descriptive, but the deeper the writer 
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probed into this seemingly restricted subject, the more he realized that 
he was merely scratching the surface. There is need for many more stud- 
ies of this and other Soviet industries. 


This study is based almost entirely on Soviet sources. During the cha- 
otic years from 1917 to 1923 Soviet statistics are admittedly unreliable, 
a reflection of the fact that in many cases the government simply did not 
know what was going on. From 1924 through 1936 the data became more 
reliable and profuse. During this period the Russians made little attempt 
to hide the record for purposes of military security. They published volu- 
minous information in books and periodicals in order to facilitate their 
own administrative and planning work. Many of these statistical series 
are subject to rigorous tests of internal consistency. For example, for sev- 
eral years up to the spring of 1937 the economic and technical journals 
published the monthly gross output and output per cubic meter or square 
meter of floor space for every single blast and open-hearth furnace in the 
Soviet Union. Furthermore, detailed studies were published describing 
and explaining the performance of many of these same furnaces. 

Beginning in 1937, and in some cases earlier, the published data be- 
came progressively less voluminous and detailed. Military security was 
not the only reason for this reticence. Instead of continuing the rapid 
growth characteristic of the Second Five Year Plan, many indexes de- 
clined in 1938 and 1939. To give wide publicity to this phenomenon 
might have lowered morale at home and damaged Soviet prestige in the 
eyes of the outside world. The broad outlines of what happened during 
the immediate prewar years have now been revealed in a few postwar 
publications. 

For the period since 1940 more information is available in books and 
periodicals than is generally considered to be available. Technical publi- 
cations have proven to be the best source of information for the years 
following 1944, until the end of 1948, when the Soviets stopped exporting 
their technical journals in retaliation for a similar embargo imposed by 
the United States. In these books and journals Soviet engineers discuss 
their most important and most difficult problems with a candor and lack 
of critical restraint that is refreshing when compared to the publications 
destined for a broader sector of the reading public. But for many signifi- 
cant details before 1948, and for much of his data since 1948, the re- 
searcher must resort to the painful process of poring over back issues of 
the Soviet daily press. The basic research for this study was completed in 
1952. The manuscript was, however, revised a number of times after 
that date, and I have tried to incorporate major developments through 
July 1955. 

Several articles have been written recently discussing the pitfalls for 
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the unwary user of Soviet statistics. Nothing further need here be added 
except to point out that by far the greatest difficulty encountered has 
been the problem of definition. Few Soviet writers are careful to define 
the categories to which their statistics refer. As a consequence, different 
writers often present figures which seemingly conflict. Some help in this 
dilemma is provided by careful comparison and study of the contexts in 
which the figures are presented. Fortunately, most of our statistical series 
since 1940 have been subject to tests of internal consistency. Perhaps 
the most interesting test of the reliability of recent Soviet statistics is 
presented in Appendix G. It should be emphasized that particular care 
has to be exercised in the assembly and presentation of primary data 
from several different Soviet publications. Assembly of data into a con- 
tinuous series is particularly important in this field. Although no cases 
of deliberate falsification were encountered, Soviet writers were found to 
be particularly adept at selecting and rejecting items in order to get 
across whatever point they were attempting to establish. 

Non-Communist experts have not been permitted to visit basic Soviet 
iron and steel plants since 1945. An important exception was the ten-day 
flying visit of a group of Western European steelmen to a number of 
Soviet installations in the fall of 1955. The British members of this team 
reported many of their findings and impressions in The Economist. I 
was encouraged to discover that this report does not conflict with the 
findings of the present study, but, in fact, supports it on a number of 
specific points (see Chapter 15). 

The casual reader may be distracted by the unusually large number 
of footnote references. Nevertheless, statements about the Soviet Union 
that do not clearly indicate their source are of little use to the serious 
student. Reviewing a certain work by a noted authority on the Soviet 
economy, Professor Gerschenkron once commented, “It is, however, very 
unfortunate from the point of view of students in the field of Russian eco- 
nomics that in all these cases the author does not indicate the source or 
explain the derivation of his figures. This is a very serious deficiency. It 
is not, of course, a question of academic window dressing. The point is 
that in a field where information is so scarce and so ambiguous, the 
reader must be given the opportunity of descending to the sources or of 
forming for himself an opinion on the reliability of the estimates pre- 
sented.” (American Economic Review, December 1948). The serious 
reader may wish not only to descend to the sources, but also to disagree 
with conclusions presented by the writer in this controversial field. It is 
better, therefore, to provide too many rather than too few references to 
the primary sources from which statistics and opinions are derived. 

If this were a study of an American industry, and the reader were 
able to turn quickly and easily to the basic statistical material, it would 
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be less necessary to present certain of the details that are presented be- 
low. But the Soviet material is hard to find. About half of the research 
time on a topic such as this has to be spent rummaging around the stacks 
of the few American libraries possessing respectable collections of Rus- 
sian publications. A good many of the recent acquisitions have not been 
catalogued, and when they have been, it is difficult to identify subject- 
matter content from Soviet titles. Even when the researcher has all of 
the requisite information to locate a particular book, he is apt to find it 
unavailable because there may be only one or two copies of it in this 
country, and these copies may be in great demand. Furthermore, the 
language barrier prevents many readers from utilizing the sources even 
when they can obtain them. 

As a final apology for the profusion of data here presented, it should 
be pointed out that few, if any, other monographs on a Soviet manufac- 
turing industry have been published in English. Certain readers, there- 
fore, will be interested in this study not primarily for the conclusions 
reached on the three major problems, but for whatever light the discus- 
sion may shed on subsidiary problems. For them the data may prove 
useful in other contexts. 

Some readers may be bothered by what may seem to be an excessive 
preoccupation with technical problems. Unfortunately, this writer knows 
no way of sidestepping technical problems when they appear. So far as 
the development of the Soviet iron and steel industry is concerned, sul- 
phur and ash, zinc and iron content are inescapable facts of life. One 
cannot leave them out of the analysis if he wants it to bear any relation 
to the realities of the Soviet economy. Those readers who are familiar 
with the basic processes in the manufacture of iron and steel should have 
no trouble following the argument of this study. Others are referred to 
an excellent descriptive booklet, complete with pictures and diagrams, 
entitled “Steel in the Making,” available free of charge from the Bethle- 
hem Steel Corporation. 


This study is divided into sixteen chapters, and the chapters are 
grouped into four main parts. Part One deals with the growth of pro- 
duction and investment in the iron and steel industry and its main 
branches. Part Two is concerned with specialization and the scale of 
both plant and equipment, and bears a close relationship to Part Three, 
which is on location and development. The size and degree of specializa- 
tion has much to do with the location of any plant or industrial complex, 
and vice versa. Nevertheless, it has proven feasible to discuss many of 
the factors determining scale separately from those determining location 
and potential development. Part Four discusses the changing pattern of 
productivity, with particular emphasis on the role of productivity as a 
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substitute for capital investment, and summarizes the main findings of 
the whole study with emphasis on recent trends in the Soviet iron and _ 
steel industry. In the last section I hazard some guesses about future 
prospects of the industry based on current developments. 

Seven appendices present statistical data and develop detailed analysis 
that would have unduly burdened the main text. The reader's particular 
attention is called to two of the appendices. Appendix B is intended to 
be a handy index, giving the main characteristics of all Soviet iron and 
steel plants, listed alphabetically by geographical location. Appendix A 
was originally written as an introductory chapter describing the organi- 
zational structure within which the iron and steel industry is adminis- 
tered. Those readers already familiar with Soviet industrial structure 
nced not refer to Appendix A. Others, however, are urged to read it first, 
before plunging into the substantive economic problems of the industry, 
because certain problems that we shall deal with have their roots in the 
industry's organizational structure. 


Part One 


PRODUCTION AND INVESTMENT 


CHAPTER ] 


Production 


The Soviet Russians have thoroughly advertised the rapid expansion 
of their iron and steel industry, and the phenomenon has been mentioned 
in almost every article or book dealing with Soviet economic develop- 
ment.! In this chapter, therefore, we shall simply present the statistics 
of total production in summary form; then we shall turn to a more de- 
tailed explanation of the growth of particular branches of the industry. 
In spite of their economic and stategic importance very little has been 
published outside the USSR about individual sectors. 

Table 1 presents the basic annual data on total production to which 
we shall refer throughout this study. The figures speak for themselves. 
The reader will first notice the catastrophic drop in production accom- 
panying the Revolution and Civil War. Output did not recover the 1913 
level until the end of the restoration period in 1928. Then it rose about 
fourfold during the hectic drive for industrialization between 1929 and 
1940. Recovering rapidly from the destruction of the Second World War, 
output reached the 1940 level by 1948, and has continued steadily up- 
ward at the rate of three or four million tons a year. If this pace is main- 
tained, the 1955 plan for ingot steel will be fulfilled with something to 
spare, as will the goal of sixty million tons set by Stalin back in 1946, 
which the Soviets now hope to attain by 1960. 

The prospects for pig iron production are not so rosy. The annual 
rate of growth of pig iron, steel and rolled products has fallen steadily 
from about 25 per cent in 1948 to about 10 per cent in 1954, as Appendix 
F shows. The absolute growth of pig iron production has been especially 
unsatisfactory in the two most recent years, dropping from 3.1 million 
tons in 1952 to 2.3 and 2.5 million tons in 1953 and 1954, respectively. 
In its report on the performance of the national economy in 1954 the So- 
viet government singled out pig iron as the first example cited for failure 
to meet its annual plan. One can guess that this was one of the reasons 
for Malenkov's resignation as Premier and the shift of emphasis back 
from consumer goods to heavy industry. Because the expansion of pig 
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iron production calls for much more capital investment than the expan- 
sion of ingot steel and rolled products, and because of difficulties with 


the supplies of iron ore and coking coal (see Part Three), the 1960 goal 
of 50 million tons of pig iron will be difficult but by no means impossible 


to attain. 


TABLE 1 
PRODUCTION OF PIG IRON, STEEL, AND ROLLED PRODUCTS, 


1913-1954 (1,000 tons)? p 
SE 
Pig iron Ingot steel Rolled metal 


ia n eS MM Kc 
4,216 4,231 3,506 
4,137 4,466 3,645 
3,761 4,120 3,263 
3,901 4,276 3,374 
2,964 3,080 2,444 
597 402 357 
117 199 179 
116 194 147 
180 318 259 
314 615 474 
670 993 690 
1,309 1,868 1,390 
2.203 2,911 2,250 
2,961 3,592 2,744 
3,282 4,251 3,408 
4,021 4,854 3,898 
4,964 5,761 4,503 


4,871 5,620 4,159 

5,927 4,288 

6,589 4,882 

10,428 9,693 6,734 

12,478 12,419 9,363 

16,185 12,454 

17,730 12,996 

18,000 13,200 

17,604 12,630 

18,300 13,100 

22,400 15,800 
t t 

8,500 5,600 

10,600 7,200 

12,300 8,400 

13,400 9,600 

14,600 11,000 

18,600 14,100 

23,300 17,900 

27,300 20,800 

31,400 23,900 

34,500 26,800 

38,000 29,500 

esa ete atone 41,000 32,200 

1955 Plan.................. 34,000 44,000 34,000 
1900 Plin S45. acru ae ra 50,000 60,000 1 


um 
? Unless otherwise indicated, all tonnage figures given in this stud: fi i i 
E UP aREae Biven in this study refer to metric tons, which 
1 Not nvailable. 
Sources: For 1913-1934 from TsUNKbU, Sotsialisticheskoe stroltel'stvo SSSR (Moscow, 1986 
P. 133. For 1935-1939 sec Table 35 in Chapter 14. For 1940-1960 see Appendix F. s h 
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The bulk of total production is made up of ordinary iron and steel 
products such as rails, structural beams and channels, bars, section iron, 
roofing, and other common items. The Soviets not only expanded their 
facilities to produce these ordinary products, but also forced the expan- 
sion of five special branches of their industry: iron and steel pipe, ferro- 
alloys, “quality” steel, munitions steel, and steel mill equipment. The rest 
of this chapter will be devoted to the expansion of these branches of pro- 
duction. 


Tron and Steel Pipe 


The demands of industrialization and the objective of making the 
Soviet Union self-sufficient in the manufacture of iron and steel pipe re- 
quired a vast expansion of capacity in this branch of the iron and steel 
industry. The growth of production is shown in Table 2, and the details 
of this expansion are presented in Appendix C. The Soviets did not have 
to start from scratch. They inherited pipe-making facilities in about ten 


TABLE 2 
PRODUCTION OF PIPE, 1913-1936 (1,000 tons) 
Year Production Year Production 
DOUG cca eR seas TT 1920.5 n we isita 1890 
1921-22... hosce tne siet 10.5 1990. iore Sen ES Y E 202.8 
1922-28. iecit mete 27.8 193]. orai i eeniemeen recor 2d 
1023-214. 11.0: coget cse t 49.1 1032... (7. sop ere Reg 310.1 
1024-25... c e ren e 75.3 1088, iseencereeehrcmemeser- TEES 
1925-26................... 11834 1984, asssceesieesveeemRbexea- EU: 
1020-27. nonien. SLO 10885... edem uas DAA 
1027-28; cesso toas Lis 1930... ol mes 789172 


Sources: Production figures for 1913—1934 are from TsUNKhU, Sotsialisticheskoe stroitel'steo 
SSSR (Moscow, 1936), p. 138. For 1935-1936 from Sovetskaia Metallurgiia, 1937, no. 7, p. 14. 
A chart of pipe production from 1910 to 1940 in Stal’, 1947, no. 11, p. 1009, shows that pro- 
duction declined somewhat in 1937 and gradually returned to the 1936 level by 1940. 


plants, which in 1913 produced some 78,000 tons of pipe. Between the 
two world wars the Soviet regime expanded this inheritance over ten 
times its original capacity. However, as shown in Appendix C, practically 
all of the pipe produced in the Soviet Union at the outbreak of the 
Second World War came from the western regions, exposed to the 
enemy. After the western plants had been lost to the Germans, it was 
necessary to expand eastern pipe production by 440 per cent while the 
war was in progress. Construction activity during the Fourth Five Year 
Plan (1946-1950) was concentrated on the eleven pipe-making facilities 
located in the south, and, as a result, by 1950 all of them were once 
again in operation. 
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Ferroalloys 


The Soviets not only expanded the production of items previously 
produced at home, such as pipe, but also introduced for the first time in 
Russia the manufacture of innumerable iron and steel products. Most of 
these products fall into two categories: ferroalloys, and practically the 
entire range of what the Russians call “quality” products, which are types 
of steel needed for the production of machinery and armaments. 

Alloy steels contain varying amounts of alloying clements such as 
manganese, silicon, chromium, tungsten, and so forth, in addition to the 
basic element, iron. It is possible in making alloy steel to add the non- 
ferrous alloying elements in their pure form, but the manufacture of 
pure manganese, silicon, and so on is prohibitively expensive. Therefore, 
the nonferrous elements are added in the form of ferroalloys. To facili- 
tate comparison with their American counterparts, the chemical speci- 
fications and prices of certain important Sovict ferroalloys are presented 
in Table 43 of Appendix C. Prices of ferroalloys range from 880 rubles 
for low-grade ferrosilicon (not shown) to 81,700 rubles per ton for the 
best grade of ferromolybdenum. It would have taken the average Soviet 
worker in 1950 about eleven years to earn the price of one ton of this 
precious stuff. Like quality rolled products, alloy steels are important in 
the production of modern machinery and essential for all types of arma- 
ments. Without them it would be impossible to equip a modern war 
machine, and therefore it is understandable that the Soviet government 
did not want to be dependent on outside sources of supply for essential 
alloys. The rise of production and fall of imports of ferroalloys is strik- 
ing. In 1929-30 the Soviet Union produced 600 tons of electric ferroalloys 
and imported 17,700 tons. Six years later production reached 125,000 tons 
and imports had dropped to 2,600 tons. Behind these figures is a story of 
development, construction, and investment, for the details of which the 
reader must turn to Appendix C. 

Ferroalloys can be produced either in blast furnaces, when the prod- 
uct is classified as a type of pig iron, or in special electric furnaces, in 
which case the product appears in production statistics neither as pig 
iron nor as steel, but simply as ferroalloy. For technical reasons the 
higher-grade ferroalloys can be produced only in electric furnaces. The 
bulk of ferroalloys produced in Soviet blast furnaces consists of low- 
grade ferrosilicon and ferromanganese. 

By 1928 the production of low-grade ferroalloys in blast furnaces 
had been restored to the prerevolutionary level, but this method was 
obviously inadequate to meet the demands of an industrially developed 
economy producing modern machinery, so in the thirties the Soviets built 
five new ferroalloy works equipped with electric furnaces. In the mean- 
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time the output of low-grade ferromanganese and ferrosilicon in blast 
furnaces had risen steadily, from 36,400 tons in 1927-28 to 274,872 tons 
in 1938. This did not involve the necessity of building specialized new 
plants and equipment, but required the conversion of both old and new 
blast furnaces and the education of engineers and technicians in the 
difficult problems of ferroalloy, as opposed to conversion-iron and foun- 
dry-iron, production, 

Just as significant as the sharp rise in total output was the concentra- 
tion of blast-furnace production of ferroalloys in the vulnerable areas of 
the south and center. Table 45 in Appendix C shows that only 3 per cent 
was produced behind the Urals while 95 per cent was turned out in the 
exposed Ukraine and Tula area below Moscow. As a consequence of the 
German occupation the blast-furnace production of ferroalloys was vir- 
tually wiped out and the big electric furnace plant at Zaporozh'e was 
also lost. On the demand side the shortage was enhanced by increased 
wartime requirements. During the war the consumption of chrome per 
ton of steel increased 270 per cent and of ferrosilicon 220 per cent. This 
shortage was made up by expansion of ferroalloy production in blast, 
open-hearth, and electric furnaces. 

The Fourth Five Year Plan called for a continuation of the expansion 
of ferroalloy output, which in 1950 was to be 180 per cent of 1945. The 
bulk of this increase was to come from the restoration of the two works 
destroyed by the Germans. Part of the increase in output was to come 
from better utilization of existing capacity, over and above the claimed 
wartime increase in the productivity of electric ferroalloy furnaces of 150 
to 200 per cent. 

Table 3 summarizes the results of the drive for expanded production 
and self-sufficiency in ferroalloys. When talking about ferroalloy produc- 
tion the Russians customarily mean production in electric furnaces, 
where output rose rapidly and steadily from 500 tons in 1928-29 to 125,- 
ooo tons in 1936. Imports, which started at 10,000 tons in 1928-29, rose 
to a peak of 31,000 tons two years later and again in 1933. Thereafter 
ferroalloy imports fell to less than 3,000 tons in 1936, which amounted to 
only 2 per cent of domestic production. Imports are customarily ex- 
pressed not as a percentage of total production but of electric furnace 
production, because, presumably, the imports were of regular ferroalloy 
quality. Even though the goal of self-sufficiency had been reached in 
1936, electric smelting of ferroalloys was further expanded after 1936 in 
an attempt to meet the needs of machine building and defense indus- 
tries for alloy steels. By 1937 production reached 171,475 tons, and in 
1941 the target was 460,000 tons. The loss of the southern works at the 
time of the invasion was made up by expansion in the Urals, so that by 
1946 production reached 258,000 tons, the highest level achieved up to 
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that time.? Wartime expansion in the Urals has now been supplemented 
by the reconstruction of the blast furnaces of the south and center. The 
Soviets not only forced a tremendous rise in total output, but also intro- 
duced a wide variety of new types of ferroalloys. In the early years the 
Soviet Union produced about ten types, but by the end of 1937 was 


TABLE 3 


PRODUCTION AND IMPORTS OF FERROALLOYS, 1918, 
1928-1938 (tons) 


Imports as 
In electric In blast Total per cent of 
furnaces furnaces production Imports consumption (f) 

1913 500 (c) 33,700 (a) 34,200 (i) : X 
1927-38 600 (a) 36,100 (a) 37,000 (a) y 
1928-29 500 (a) 46,100 (a) 46,600 (a) 9,900 (c) 95 
1929-30 600 (a) 53,000 (a) 53,600 (g) 17,700 (c) 97 
1931 4,614 (c) 69,100 (a) 74,014 30,700 (c) 87 
1932 15,299 (c) $3,100 (a) 98,699 (g) 12,900 (e) 46 
1933 20,900 (a) 92,800 (a) 113,700 (a) 31,000 (c) 60 
1934 67,000 (a) 134,800 (a) 201,800 (a) 10,700 (e) 14 
1935 94,162 (c) 171,800 (a) 265,962 (g) 6,100 (e) 6 
1936 125,000 (b) 164,500 (h) 289,500 (g) 2,600 (e) 2 
1937 171,475 (c) > d ? 9 
1938 5 274,872 (d) ? ° ° 


? Information not available. 

Sources: (2) TsUNKBU, Sotsialisticheskoe stroitelstoo SSSR (Moscow, 1936), p. 134. (b) 
Ia. A. lofe, Promyshlennoe razvitie SSSR (Moscow, 1937), p. 80. (c) F. P. Edneral, Elcktro- 
metallurgiia (obshckii kurs) (Moscow, 1950), p. 13. (d) L. P. Shul'kin, compiler, Potreblenie 
chernykh metalloc o SSSR (Moscow, 1940), pp. 141-142. (e) Plan. Khoz., 1937, no. 3, p. 66. 
(f) Obtained by dividing column 5 by sum of columns 2 and 5. (g) These totals check closely 
with totals by type of production (excluding spiegel iron) given for 1913, 1927-28, 1928-29 
and 1932-1936 by Ia. A. Ioffe, compiler, SSSR i kapitalichcskic strany (Moscow, 1939), p. 165. 
(b) By subtraction from Ioffe's total. 


turning out eighteen and in 1946 over thirty. Soviet authorities claim 
that the USSR has enough ore supplies for almost all of them and more 
than enough for certain types (manganese, chrome, titanium, vana- 
dium). They claim, furthermore, that there are no types of ferroalloys 
that cannot be produced in Soviet works.3 


Quality Products 


The leading capitalist nations in the first third of the twentieth cen- 
tury developed thousands of new products made from steel, and these 
new products demanded new and better types of steel. Big new turbines, 
developing over 100,000 KW operating under steady pressure exceeding 
100 atmospheres, and high-speed internal combustion engines required 
qualities not found in the old-fashioned, low-carbon steels. The electri- 
fication of industry and agriculture called for large quantities of trans- 
former and dynamo steel for minimizing the loss of electric energy. The 
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construction of airplanes required steel members both light in weight and 
capable of withstanding great stress and strain. The rapid expansion of 
the chemical industry demanded equipment utilizing stainless and acid- 
resisting steels. Of course armor plate and the fantastically complicated 
equipment of modern war machines could not be manufactured without 
many special new types of steel. These steels are sometimes called qual- 
ity steels, and they usually require in their preparation the addition of 
various alloying metals such as chromium, manganese, nickel, silicon, 
and so on. 

For all practical purposes, these steel products had never been pro- 
duced in tsarist Russia, but the Soviet regime in its Five Year Plans was 
bound and determined to follow the path blazed by the leading nations 
of the capitalist world. The purpose, no doubt, was a highly political 
one. To free the burgeoning machinery and armament industries of the 
Soviet Union from dependence on capitalist suppliers for these vital 
materials demanded the introduction of hundreds of new types of ingot 
steel and rolled products. Most of this steel has to be supplied in the 
form of rolled metal, and the Soviets call it “quality rolled metal" This 
is a term invented by them to draw attention to these new products, and 
it has no precise counterpart in Western terminology. Since considerable 
importance is attached to changes in the total and relative output of 
these "quality" rolled products, we explain in Appendix C just what 
products are included in the two categories of “quality” and “ordinary” 
rolled steel. 

Having in mind the types of steel that make up the two broad cate- 
gories and their relative share in total output of rolled steel, let us turn 
to the question of who consumes each type of steel. What are the uses 
to which they are put, and inferentially, therefore, what was the purpose 
of the Soviet government in building up the production of quality steel? 
Table 4 shows the absolute and relative consumption of rolled products 
by the different Soviet industries in 1932 and 1938. In 1938 both machine 
building and heavy industry consumed about 37 per cent of the ordinary 
rolled production. The railroads used approximately 13 per cent, and the 
balance was consumed by agriculture, food processing, cooperative, lo- 
cal, and other industries, each of which consumed relatively small shares 
of the total. 

When it comes to quality steel, however, the picture is quite different. 
Machine building took 9o per cent in 1932 and 77 per cent in 1938, com- 
pared to only 4 and 19 per cent of all quality steel consumed by heavy 
industry in those years. Other groups consumed scarcely any quality 
steel. Another source attributes from 84 to g1 per cent of the consumption 
of quality steel to machine building for the years 1928-29 to 1936.' 
Among the machine-building industries the biggest single consumer of 
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TABLE 4 
CONSUMPTION OF ORDINARY AND QUALITY ROLLED STEEL 
Ordinary rolled Quality rolled 
1932 1938 1932 1938 
(1,000 (1,000 (1,000 (1,000 
Consumer tons) 95) tons) (95) tons) (%) tons) (%) 
Machine building 1,892.6 42.1 3,543.5 37.2 451.0 89.9 1,961.1 76.6 
Heavy machinery SS.1 20 107.1 1.1 — — 123.0 48 
Automobiles 14.2 0.3 109.6 1.2 — — 384.2 15.0 
Tractors 23.5 5 55.5 0.6 2524 50.3 178.0 7.0 
Farm machinery 225.7 50 447.2 4.7 12.3 2.5 31.7 1.2 
Transport machinery 461.7 10.3 7318 7.7 — — 2,3 0.1 
Electrical machinery — 83.5 19 123.1 13 662 132 66.0 2.6 
Light machinery — — 128 01 — — 008 0.0 
Medium machinery 1003 2.2 30.1 3 — — 1.0 0 
Machine tools — — 15.6 2 429 8.6 93.1 3.6 
Diesel 47 01 30.6 3 — — — — 
Misc. machine bldg. $90.9 19.8 1,880.1 19.8 772 15.4 1,081.1 422 
Heavy industry 1,553.9 34.5 3481.2 366 18.8 37 491.7 1932 
Light industry 210 05 4t4 04 — 0.4 0.0 
Wood industry 17.2 A 59.4 6 — — — = 
Food industry 62.0 1.4 950 10 — — — — 
Agriculture 487 11 1129 1.2 5.1 1.0 1.7 aA 
Railroad transport 533.7 11.9 1,254.8 13.2 1.0 0.2 17.7 re 
Water transport 247 0.5 539 0.6 — — 0.3 0 
Trade 2.2 0 14.0 al — — — — 
Communications 3.6 8.9 BI — — — — 
Local industry 223.0 50 4304 45 193 3.8 46.5 1.8 
Cooperative industry 48.0 1 75.1 0.8 3.9 0.8 6.7 0.3 
Miscellaneous 746 17 34161 346 24 5 33.5 1.3 
Total 4,500.2 100.0 9,516.6 100.0 501.5 100.0 2,559.68 100.0 


Source: L. P. Shul'kin, compiler, Potreblenic chernykh metailov v SSSR (Moscow-Leningrad, 
1940), pp. 20-24. 


quality steel was the auto-tractor industry, which took 50 per cent of the 
total produced in 1932 and 22 per cent in 1938. By the latter year the 
lead had been taken by "Miscellaneous machine building," whose share 
jumped from 1s per cent in 1932 to 42 per cent in 1938. This category- 
includes munitions, as we explain in Appendix D. Next in importance- 
came electrical machinery, heavy machinery, and machine tools. Suche 
major industries as railroad transport and construction consumed almost 
none at all. 

On the other hand, a large part of ordinary rolled products are de- 
voted to construction. The amounts of ordinary rolled stock used fo- 
construction have not been indicated separately in Table 4, but the 
share used for building purposes is quite large, averaging 25 per cent fo 
the period 1932-1938* To summarize, we can say that the bulk of ordi. 
nary rolled steel is consumed by heavy industry, railroads, and construc- 
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tion, whereas quality steel is devoted almost entirely to the manufacture 
of machinery and munitions. 

How was the effort to free the Soviet Union from dependence on 
sources abroad and to supply its own machinery and armament industry 
reflected in the construction and expansion of iron and steel plants? This 
effort took three principal directions. In the first place, all or part of the 
rolling-mill capacity of existing plants turning out ordinary steel was con- 
verted to quality rolled products. The majority of Soviet iron and steel 
works were made to turn out some quality steel, particularly in the cen- 
tral and Ural regions. Second, a few new plants were built expressly to 
specialize in the manufacture of quality steel; and third, not only was 
the quality of open-hearth steel improved, but also the production of 
electric furnace steel was expanded from nothing to a point where it 
was second only to that of the United States. The details of construction 
and expansion through 1940 are presented in Appendix C. 

In prerevolutionary Russia only the Putilovsk and Zlatoust mechani- 
cal works and a few arms plants produced small amounts of quality steel 
to satisfy their own needs, consisting of about 40,000 tons of carbon tool 
steel. The country was almost entirely dependent on imports from the 
foreign market. By the end of the restoration period in 1927-28, produc- 
tion had been pushed to twice the prewar level, but the meteoric rise of 
quality steel output did not really begin until the inauguration of the five 
year plans? 

The first step involved conversion and expansion of a number of ex- 
isting works. During the First Five Year Plan (1928-1932) ten plants 
were converted almost completely to specialize in quality steel, and sev- 
eral machinery-building plants produced it, so that by 1932 quality steel 
was turned out in a total of thirty works. At the end of the First Five 
Year Plan one more mill was converted and two new mills began to pro- 
duce quality steel. 

During the Second Five Year Plan (1933-1937) no new plants for 
quality steel were initiated. Emphasis was placed on completion of fa- 
cilities begun in the First Five Year Plan and on increasing output from 
existing facilities, but as war clouds gathered on the horizon, the Polit- 
buro decided to put heavy emphasis on quality steel. The Third Five 
Year Plan (1938-1942) envisaged the output of 5 million tons of quality 
steel in 1942, double the 1937 level. This would have been 23.8 per cent 
of the total volume of rolled products compared to 19.6 per cent in 1937. 
The resolutions of the Eighteenth Party Congress in March 1939 fol- 
lowed the lead given by Molotov's speech in which he called the Third 
Five Year Plan the "Five Year Plan of Special Steels." 


The Third Five-Year Plan is a five-year plan laying stress on special steels. 
The Congress resolves that the output of special rolled steel be doubled and 
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that the manufacture of special steels — hard alloys, stainless, acid and heat 
resistant steels, tool, precision-instrument and transformer steels, and also ferro- 
alloys — be sharply increased. The smelting of charcoal pig iron from sulphur- 
free and phosphorus-free ores is to be developed on a large scale . . . A sec- 
ond source of dynamo transformer iron must be established. We must master 
the smelting in open-hearth furnaces of ball-bearing and other kinds of high- 
grade steels and extend the use of this process. Another process to be mastered 
and widely applied is the production of low-percentage alloyed steels, using in 
the first place the natural alloy pig iron obtained from Khalilovo and other 
ores.? 


Before the Third Five Year Plan period was over, the German army 
attacked. With the occupation of the south of Russia and the immobili- 
zation of plants in the Moscow-Leningrad area, the converted works in 
the Urals, especially Serov and Zlatoust, immediately became the basic 
suppliers of high-quality alloy steels for aviation and other war indus- 
tries. Serov began smelting in its open-hearths over fifty types of quality 
steel, most of which had formerly been smelted in electric furnaces. 
Verkh-Isetsk, in addition to transformer iron, organized production of 
stainless, thin sheet, magnet steel, and Armco Iron. The small, old Urals 
plants at Beloretsk, Sinarsk, and Revda were forced to turn out many 
tvpes of wire, skelp, and spring steel previously produced elsewhere or 
not produced at all in the USSR. One of the oldest works in the country, 
the tiny Gur'evsk plant one hundred kilometers northwest of Stalinsk in 
the Kuzbass, which had been producing only ordinary steel, became a 
basic supplier of pattern sections rolled out of chrome-silicon steel for 
military aviation. 

Into all of these plants poured a flood of skilled workers and consid- 
erable amounts of evacuated equipment. At one plant, for example, an 
evacuated armor-plate mill was set up as early as October 1941, in a 
warehouse formerly used to store rolled products? In two or three 
months the two giants at Magnitogorsk and Kuznetsk were converted to 
the production of military armor plate (why this had not been done 
earlier is an unanswered question), and their big open-hearth furnaces 
were turning out alloy steels, which heretofore had not been produced 
in such large units. During the war Kuznetsk made enough shell steel 
for 100,000,000 shells and enough tank steel for 50,000 heavy tanks. In 
1940 12 per cent of the plant's rolled output was quality steel. By 1944 
the share had risen to 73 per cent.? 

The conversion of Magnitogorsk was equally rapid: its index of out- 
put of quality steel rose from 100 in 1940 to 250 in 1941, to 530 in 1942, 
to 770 in 1943, and to 1,020 in 1944. Correspondingly the share of quality 
rolled products in its total output of rolled products rose from 12 per 
cent in 1940 to 28 per cent in 1941, to 62 per cent in 1942, to 72 per cent 
in 1943 and to 83 per cent in 1944.9 Magnitogorsk's blooming mills 
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turned out armor plate, and its standard rolling mill equipment produced 
many complex items for tanks, such as fluted springs, which otherwise 
would have been milled. The tank manufacturers were thus able to econ- 
omize up to a ton of steel per tank. During the war period Magnitogorsk 
claimed to have produced enough armor for more than 50,000 tanks. 
Magnitogorsk open-hearth furnaces turned out about a hundred types 
of steel that they had not smelted before the war.!! 

During the early stages of Soviet involvement in the war, two long- 
delayed, very large new coke-consuming plants began to turn out large 
quantities of quality steel. The Novo-Tagil iron and steel plant at Nizhnii 
Tagil in the northern Urals began to smelt and roll armor steel, and two 
big new blast furnaces at the Cheliabinsk iron and steel plant began to 
feed high-grade pig iron into its own steel furnaces and rolling mills for 
the ultimate use of the big local tank (tractor) factory and other war 
industries in the southern Urals. For the eastern works as a whole, the 
output of quality rolled metal increased between 1940 and 1944 by 370 
per cent, and its share in their total rolled production rose from 26 to 
66 per cent in the same years. As N. A. Voznesenskii, then chairman of 
the State Planning Commission, saw the whole picture: 


In order to supply the needs of war industry it was necessary to convert 
radically the production of rolled ferrous metals to quality rolled steel for the 
production of war equipment. Consequently, in 1942 in the eastern regions 
of the USSR alone, 6 per cent more quality rolled steel was produced than in 
1940 in the whole territory of the USSR, including the southern metallurgical 
industry. The output of ingots for shells and of armor plate in the eastern 
regions of the USSR in 1942 was 1.8 times the output in the whole territory 
of the USSR in 1940. The proportion of quality rolled steel in the total pro- 
duction of rolled steel increased 2.6 times in 1942, in comparison with 1940 
and the proportion of ordinary rolled steel fell by one-half during the same 
time. The output of structural steel declined especially, and its proportion in 
the total output of rolled steel was 2.5 times greater in 1940 than in 1942. 
About g1 per cent of rolled iron and steel went into further production dur- 
ing the period of war economy, and in 1942 about 70 per cent of all rolled 
steel went directly into war production, apart from consumption by inter- 
mediate plants.!? 


The percentages given by Voznesenskii would indicate production of 
some 3,400,000 tons of quality rolled steel in the Urals and Siberia dur- 
ing 1942. 

What were the results of this effort and investment? Table 5 assem- 
bles the available data on the absolute and relative production of quality 
steel in Russia for the years 1913 and 1927-28 to 1947. First let us con- 
centrate on the phase which ended with the defeat of Germany in 1945, 
taking up later the problems of reconversion to peacetime production. In 
absolute tonnage the output of quality steel increased steadily from less 
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TABLE 5 
PRODUCTION OF QUALITY ROLLED STEEL, 1913, 1928-1947 
Per cent of Per cent of 
all rolled all rolled 
Year Tons products Year Tons products 
—— 
1913 40,000 (b) 1.1 1937 2,385,300 (f) 184 
1927-28 90,400 (a) 2.7 1938 2,559,600 (f) 19.9 
1928-29 137,900 (a) 3.5 1910 3,243,000 (c) 24.4 (c) 
1929-30 227,100 (a) 5.0 1941 (Plan) 3,914,350 (e) — 24.8 (c) 
1931 422,200 (a) 10.2 1941 (actual) 2 37.1 (c) 
1932 682,600 (n) 11.7 1942 - 63 (g) 
1933 888,000 (a) 18.2 1943 4,229,000 (d) 62.2 (c) 
1934 1,247,400 (a) — 1&5 1945 4,080,000 (d) — 48 (c) 
1935 1,573,100 (f) 16.8 1946 2,068,000 (d) gts») 
1936 2,058,600 (f) 16.2 1947 2,310,000 (d) 21 (e) 


* Not avaiisbic. 

Sources: (n) TsUNKhU, Sotsialisticheskoc stroitcl'steo SSSR (Moscow, 1996), pp. 133, 135. 
(b) S. M. Veingarten, Ekonomika i planirovaniia chernoi mctallurgii SSSR (Moscow, 1939), pp. 
193-121. (c) A, F. Myttsymov, “Quality Metallurgy up to the Thirtieth Anniversary of the 
October Revolution,” Stal’, 1947, no. 11, pp. 995-897. (d) Calculated from percentages given 
by Myrtsymov and total production. (e) Gosplan SSSR, Gosudarsteennyi plan razvitiia narodnogo 
khoziaistca SSSR na 1941 god. (Moscow, 1941), pp. 18, 20. (f) L. P. Shul'kin, compiler, 
Potrcblcnic chernykh mctalloo v SSSR (Moscow-Leningrad, 19.10), pp. 22#. The Third Five Year 
Plan gives 2,507,900 with 1,823,500 from the People’s Commissariat of Ferrous Metallurgy. Miss 
Nancy Nimitz believes that Shul'kin's figures for 1935-1938 are somewhat low. (g) N. Voznesen- 
skii, Vocnnaia ckonomika SSSR v period otcchcstvennoi voiny (Moscow, 1948), pp. 70—71, says 
the proportion in 1942 increased 2.6 times over 1940. The percentages are calculated from total 
production ns given in source (a) for 1914-1934, source (f) for 1996-1938. Source (c) gave 
percentages for 1940, 1943, 1945, 1946, 1947, source (g) for 1942, and source (c) for the 
1941 Plan, Comparable but slightly different percentages are given for 1930-1937 by sources (b), 
(c). and F. P. Edneral, Elcktromctallurgiia (obshchii kurs) (Moscow, 1950), p. 12. According to 
N. Voznesenskii, The Economics Results of the USSR in 1940 (Moscow, 1941), p. 14, high- 
quality rolled steel in the 1941 Plan was to be 123 per cent of that of 1940 production, which 
would give a figure from 20 to 60 thousand tons higher than Myrtsymov's figure, depending on 
how the percentages have been rounded. 


than 100,000 in 1927-28 to over 4,200,000 in 1943. Starting at the tsarist 
level on the eve of the First Year Plan, output increased by almost 
fifty times in the course of a decade and a half. The average increase 
amounted to 280,000 tons a year, with the biggest spurts coming in the 
years 1938 to 1943, when the average annual increase exceeded 500,000 
tons. During the eleven years of peace immediately preceding the Sec- 
ond World War, from 1928 to 1938 inclusive, the rate of increase aver- 
aged 225,000 tons per year, which was less than half the wartimo rate. 

As the Soviet economy converted to peacetime reconstruction, the 
output of quality steel fell even more precipitously than it had risen. The 
semiwar year of 1945 saw a slight drop of 100,000 tons from the peak 
of 1943, but, as is well known, the main year of reconversion was 1946. 
In that year the output of quality rolled steel dropped to half the 1945 
level, from 4 to 2 million tons. This precipitous fall pushed output back 
ten years, to the level of 1936. Soviet steel mills were being converted 
back to the production of ordinary rolled steel, the kinds of steel needed 
for the tremendous job of reconstruction and rehabilitation of a war- 
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ravaged economy. "The absolute consumption and relative share of qual- 
itv steel fell off because the restoration and construction of industrial 
enterprises, roads, bridges, and housing consumes a very large quantity 
of ordinary steel.” 13 

Even more indicative is the relative share of total output devoted to 
quality stecl. It is obvious that the tsarist steel industry in 1913 was in 
no position to supply modern steel for machinery and armaments, with 
1.1 per cent of its total output consisting of quality steel. Nor was the 
Soviet industry in 1928 much better off. In the next eleven years, how- 
ever, more and more emphasis on quality steel raised its share from 2.7 
to 20 per cent. In the following two years before Hitler attacked, the 
Soviets pushed up this share from one-fifth to one-fourth, but even this 
now seems to have been a minor effort compared to the concentration 
at the height of the war, when the share of quality steel in 1942-43 
reached almost two-thirds of total Soviet rolled production. What this 
meant to the Soviet economy is better understood in the light of a state- 
ment in the Soviet press that, “if all the gigantic quantity of metal which 
our country gave in the Second World War to the construction of tanks 
could have been directed to making rails, then the rails would have been 
sufficient for 60,000 kilometers of railroad line.” !! In terms of the Ameri- 
can railroad system, this does not mean too much, but one must remem- 
ber that at the end of 1940 the Soviets had only 106,102 kilometers of 
first main track in operation.!* 

The product classifications described in Table 47 of Appendix C show 
that some quality products are rolled from alloy steel ingots. The use of 
alloy steel is particularly important in the manufacture of armaments. As 
we might therefore expect, the share of rolled alloy steel products in all 
rolled products rose and fell in a neatly symmetrical curve during the 
period 1940-1947; it rose from 6.3 per cent to 12 per cent to 17 per cent 
to 20.6 per cent in 1940, 1941, 1942, and 1943, respectively, and then fell 
to 19 per cent, 16 per cent, 7 per cent, and 8 per cent in 1944, 1945, 1946, 
and 1947, respectively.1® Even tripling the share of alloy steel was not 
enough to meet the armament needs of the Soviet Union, and one writer 
admits that the USSR received large quantities of alloy steel from the 
United States under the Lend Lease program. This author was careful to 
protect himself against a charge of "bourgeois cosmopolitanism" by adding 
the qualification that "the major part of alloy steel for high-priority as- 
signment received on Lend-Lease from the United States did not meet 
in its composition our technical requirements and could not be used for 
its intended purposes." 17 

Unfortunately it has not been possible to carry these series beyond 
1947. Therefore, we must rely on a few scattered figures to indicate the 
extent of Soviet rearmament during the Cold War. One might expect 
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over the long run a gradual increase in the absolute and rclative output 
of quality steel, to meet the needs of an economy expanding its output 
of civilian machinery. The USSR Information Bulletin puts the matter in 
these terms: 


More and more high-quality metal is needed to ensure the needs of a 
constantly developing industry and the entire national economy and to carry 
out the great construction projects of communism. From year to year the 
demand with regard to assortment and quality of steel is increasing. Sovict 
metallurgists have mastered the production of a great many diverse high- 
quality tool steels — steel for high-speed cutting tools; rustless, heat-resisting, 
acid-resisting steels; and many other kinds. They have also produced hundreds 
of new shapes of rolled metal. During the postwar Five Year Plan alone the 
production of more than 150 new shapes of rolled metal has been organized, 
including many intricate shapes for the automobile, building, coal, oil, chemi- 
cal, and agricultural machinery industries, the railways and other enterprises.!3 


War damage was so tremendous, however, that the rehabilitation of 
the railroads, highways, housing, and industrial plants could have becn 
expected to consume all the ordinary rolled steel that the Soviet Union 
could possibly have produced in the Fourth Five Year Plan and for some 
years thereafter. That is why Pravda reported in 1945 that a large pro- 
portion of the output of the Kuznetsk iron and steel combine was hence- 
forth to consist of railroad rails and structural steel. But six years later 
the director of this enterprise reported a different story. The production 
of quality alloyed rolled metal had increased in 1950 almost one-and-one- 
half times over 1946, and in the first half of 1951 increased by another 
35.6 per cent. This increase has more than casual significance in view of 
the rapid conversion of Kuznetsk to war production in 1941, sincc this 
combine is a small cross section of the Soviet iron and steel industry and 
therefore can be considered representative.!? 

One aspect of the expansion of quality steel production was the crea- 
tion of an entirely new branch of the iron and steel industry, clectric 
furnace smelting. For technical reasons, electric furnaces can smelt lower- 
grade pig iron and are capable of producing steels with superior physical 
characteristics. In the Soviet Union electric furnaces are used almost ex- 
clusively to turn out quality steel. Tsarist industry produced practically 
no electric furnace steel. In 1928 production was still insignificant, but 
by 1937 the Soviet Union claimed to be the world's leading producer, 
not only in absolute tonnage, but also in terms of the share of total steel 
production smelted in electric furnaces. The story of this remarkable ex- 
pansion is presented in more detail in Appendix C. 


Steel for Munitions 


It is evident from scattered references in many different sources that 
considerations of national defense always supplied part of the motivation 
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for the industrialization of Soviet Russia. The relative urgency, of 
course, changed with shifts in the international political scene and in- 
creased with the approach of war. By the end of the Second Five Year 
Plan war seemed so imminent to Soviet leaders that about 85 per cent 
of capital funds to be invested in the industry in 1937 were allocated for 
completion of units to turn out iron and steel in the same year. In March 
1937 the Council of People’s Commissars ordered the revision of all 
capital investment plans so that the length of construction of no unit 
would exceed two or three years.?! The reasons for the decision are ob- 
vious. Two years and six months later the Second World War began. 
From their own production-consumption tables, one is able to find out 
approximately how much precious steel the Soviet leaders actually pro- 
duced for the manufacture of munitions during the 1930's. Through an 
analysis of input-output statistics, which the Russians prepared for the 
guidance of their own planners, one can trace the absolute and relative 
tonnage of iron and steel allocated to munitions in the decade preceding 
World War II. Hundreds of statistical tables compiled by L. P. Shul'kin 
afford a remarkable X-ray view of the Soviet economy during the crucial 
period of industrialization. Certain tables show total production of iron 
and steel and its consumption by thirty-two leading branches of industry. 

Since the tables include all consumers, the only problem was to find 
which heading or headings included munitions. A study of the output 
statistics of the industries listed failed to reveal any obvious inconsist- 
encies with the amounts of iron and steel allocated to them. The promi- 
nent exception to this rule was the category entitled "Miscellaneous 
machine building." As will be shown presently, munitions apparently 
are included in that category. By examining the absolute and relative 
tonnage allocated to munitions, we have an indication of how important 
the Soviet leaders thought it was to prepare for war, and we can infer 
the role played by defense as reason for industrialization. 

Table 6, abstracted from Shul'kin, gives the consumption of rolled 
steel by the munitions industry in absolute and percentage terms. Steel 
consumed by the munitions industry for the purpose of building plants 
increased from a low point of 136,000 tons in 1933 to a total of 880,000 
tons in 1938. Most remarkable, however, is the high and steadily increas- 
ing share taken by munitions out of the construction steel allocated to all 
types of machine building. The share rose steadily from 45.8 per cent 
in 1932 to 94.3 per cent in 1938. In other words, by 1938 munitions plants 
were getting so much of the available stee] that construction virtually 
ceased in all other machine-building industries, including heavy ma- 
chinery, machine tools, automobiles and trucks, tractors, farm machinery, 
electrical machinery, railroad locomotives and equipment, and ship- 
building. In the last prewar year all of them together received only one- 
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TABLE 6 
CONSUMPTION OF IRON AND STEEL BY MUNITIONS 
INDUSTRIES, 1932-1938 


For construction For fabrication 
Per cent of Per cent of 
consumption by eonsumption by. 
all machine all machine 
1,000 tons building 1,000 tons building 

252.3 45.8 1,394.3 39.4 
135.6 65.9 1,242.5 30.9 
164.4 12.8 2,010.2 36.7 
290.8 734 2,377.1 35.0 
745.5 82.5 2,127.8 29.7 
793.0 81.5 3,226.1 42.5 
880.1 94.3 4,106.1 53.0 


Source: Appendix D. 


twentieth as much as the munitions industry. (The derivation and 
meaning of all these figures as well as much additional data on the con- 
sumption of steel by the armament industries are presented in Appendix 
D.) 

Let us next turn our attention to the question of how much steel was 
allocated for the actual production of munitions themselves. From 1933 
to 1938 the increase in tonnage from 1,200,000 to 4,100,000 tons comes 
to roughly 350 per cent, and by 1938 munitions industries were getting 
more steel for fabrication than all of the other machinery manufacturers 
put together. At the same time they were getting the lion's share of quality 
steel. On the basis of the data analyzed in Appendix D, it may be esti- 
mated that the consumption of quality steel by the munitions industry 
was approximately 4,600 tons in 1927-28, 87,300 tons in 1932, 257,400 
tons in 1935, 797,800 tons in 1938 and 1,230,000 in 1941, which amounted 
in the respective years to 5.1, 12.8, 15.4, 31.2, and 31.4 per cent of all 
quality steel. 

Up to this point our information about steel allocated to the defense 
industries and the production of munitions has been tediously pieced to- 
gether from the depths of statistical tables deliberately labeled to mis- 
lead the reader, or has been based on obscure omissions from statistical 
series. How do these results fit in with positive statements about steel 
consumed in the manufacture of munitions? Here we can rely on the 
word of N. A. Voznesenskii, then chairman of the State Planning Com- 
mission of the USSR: 


The consumption of metal for the needs of war production in the period 
of the Patriotic War rose extraordinarily. The allocations of iron and steel for 
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the production of ammunition amounted in 1940 to 830,000 tons, in 1942 to 
1,838,000 tons, and to 2,437,000 tons in 1943. In spite of the temporary loss 
of the southern iron and steel capacity, the consumption of ferrous metals for 
the production of ammunition was three times as great in 1943 as it had been 
in 1940. The Soviet Army and working class in 1943 had over half a ton of 
metal, loaded with gunpowder and TNT, for the head of every German bandit 
who invaded the USSR and was in the forward lines of the Soviet-German 
front.?? 

Dr. Demitri Shimkin informed the writer by letter that he had worked 
over the figure of 830,000 tons for 1940, that it made very good sense in 
terms of the sulphuric acid and nitrates available, and that it would cor- 
respond to a total input of about 1,300,000 tons for all military purposes, 
excluding construction of plants. If his analysis is correct, the 1940 figure 
would correspond to that for the 1941 Plan and would represent an in- 
crease of about 60 per cent over 1938. 

At this point it is necessary to warn the reader that none of the sta- 
tistical measures discussed above and in Appendix D present a rigorous 
and all-inclusive picture of Soviet preparations for war or of the war 
effort itself. Each depicts just one part of the over-all picture. One series 
tells us about the construction of plants within the defense commissariats. 
Another indicates the consumption by these commissariats of various 
types of steel for productive purposes. À third estimates the production 
of munitions steel in a strict sense of the term. A fourth shows the con- 
sumption of steel in the manufacture of ammunition. Nevertheless, from 
this welter of heterogeneous data, certain patterns emerge. The reader 
is at liberty to criticize and to draw his own conclusions. The following 
conclusions appear warranted to me. It is of course obvious that the de- 
fense plants had to be built before munitions could be produced in large 
volume. The big spurt in the construction of munitions factories appeared 
in 1936, exceeding 1935 almost threefold. The big spurt in the manufac- 
ture of munitions came, as one might expect, the following year. We 
have no information subsequent to 1938 about the building of defense 
plants, but between 1938 and 1940 the manufacture of munitions con- 
tinued to expand at a fairly rapid rate. This expansion occurred in the 
face of practically no increase in the output of total rolled steel, which 
indicates that the Soviet steel industry was being converted for war pro- 
duction rather than expanded. Nonetheless, the steel industry in 1940 
and in the 1941 Plan still had a long way to go before it reached any- 
thing like the maximum possible conversion to put it on a total war 
footing. This fact is emphasized by the tremendous expansion in war 
production that occurred after the German invasion, in spite of the fact 
that the main centers previously used for the manufacture of munitions 
steel were lost. 
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Iron and Stecl Mill Equipment 


The ministry in charge of the production of iron and steel is also re- 
sponsible for the construction and operation of factories to manufacture 
the equipment going into their new stecl plants (see Appendix A). Stalin 
defended the policy of Soviet construction of its own equipment before 
the Joint Plenum of the Communist Party in January 1933: 


Some wise men, little understanding the economics of our country, are 
ready to scream about the disproportion between the separate branches of 
our economy, and in particular about the disproportion between iron and steel 
and machine building. We don't deny that iron and stcel are lagging. But 
can one on that basis talk about the defects of our planning? Can one ask 
why reconstruct and build machinery-building plants when you lack metal? 
That is empty chatter . . . A few years ago we faced the question of how 
to build our iron and steel industry. Should we build it with imported equip- 
ment, or should we turn around the business in such a way that we ourselves 
build the equipment? The Party quickly decided to form our own huge 
machine-building plants for iron and steel mill equipment. And that was 
absolutely the correct decision.?3 


Table 7 indicates the growth of Soviet manufacture of metallurgical 
equipment. In 1927-28, on the eve of the First Five Year Plan, none was 
produced. The first heavy steel mill equipment was turned out at the old 


TABLE 7 
PRODUCTION OF IRON AND STEEL MILL EQUIPMENT (tons) 
Year Amount Year Amount 
0 (a) NON Serer Ies ess (32,000) (f) 
3,616 (a) 1946..... -.. (42,000) (1) 
3,657 (a) 1047..... ses 48,100 (e) 
6,505 (a) MESS E ORTU a a a 93,800 (e) 
8,455 (a) 1919..... sos. 119,100 (e) 
21,790 (a) TOSOTUPISn) s eee ree re 102,900 (c) 
27,800 (b) 1950 (uctunl)............ 133,400 (d) 
(8,000) (f) TOSSNIBIT) E s 247,000 (g) 


Sources: (a) TsUNKhU, Sotsialisticheskoe stroitel'stoo SSSR (Moscow, 1986), p. 156. (b) 
E. Lokshin, Promyshlennost!' SSSR v novoi stalinskoe piatiletke (Moscow, 1948), p. 40. (c) 
Supreme Soviet of the USSR, Zakon o piatiletnem plane vostanovleniia i razvitiia narodnogo 
khoziaistra SSSR na 1946-1950 gg. (Moscow, 1946), p. 12. The planned production for 1946— 
1950 was 405,000 tons. Actual production, nccording to our estimates, exceeded plan by about 
22,000 tons. (d) Izeestiia, April 17, 1951, says output in 1950 was 4.8 times that of 1940. 
(e) Voprosy Ekonomiki, 1951, no. 8, p. 80, gives the annual increase over each preceding year 
as follows: 1948, 140; 1948, 194; 1949, 127; 1950, 112. Output for 1949 and 1948 was derived 
from 1950, using these percentages. (f) The figures for 1943—1946 are only illustrative estimates 
derived by Edward Ames on the basis of the following information: Gatovskii, Ekonomicheskaia 
pobeda sovestskogo soiuza (Moscow, 1948), pp. 1028, says that in nine months of 1944 output 
was three times as great as in all of 1948, and for the year as a whole it was above prewar, 


fen cT 20, 1952, says the Filth Five Year Plan calls for an 85 per cent increase 
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Tzhora works near Leningrad, where two blooming mills were begun in 
1931. During the Second Five Year Plan two more were built at Izhora, 
In the meantime, two big new plants for the manufacture of heavy ma- 
chinery were completed and began to turn out metallurgical equipment, 
The Urals Heavy Machinery Works (Uralmashzavod) at Sverdlovsk offi- 
cially “opened” on July 15, 1933, and the Novo-Kramatorsk heavy ma- 
chinery works also began operations during the Second Five Year Plan. 
Although they have been transferred to the jurisdiction of the Ministry 
of Iron and Steel, both plants have always turned out heavy equipment 
for other industries as well as for iron and steel. Neither plant, however, 
turned out any quantity of metallurgical equipment until 1935, when the 
nation’s production jumped to 22,000 tons, as against 8,000 tons in the 
previous year?! 

By the Second World War, the Sverdlovsk plant had been able dur- 
ing the course of a year to make a large share of the equipment for a 
1,500,000-ton iron and steel plant. The Sverdlovsk and Kramatorsk plants 
turned out the bulk of the 27,800 tons of steel mill equipment produced 
in 1940. During the war the Kramatorsk plant was captured, and Ural- 
mashzavod was converted to the production of tanks and artillery under 
the jurisdiction of the Commissariat of the Tank Industry. Nonetheless, 
it turned out loading equipment for blast furnaces built during the war 
at Novo-Tagil, Magnitogorsk, and other eastern steel plants. After the 
war Uralmashzavod was reconverted, and a new works to manufacture 
metallurgical equipment was scheduled for completion in the southern 
Urals. At the same time Novo-Kramatorsk was restored, and these two 
giant plants busied themselves with orders for reconstruction and expan- 
sion and reconversion of the steel industry.?5 

The restoration of the south on the heels of the German retreat called 
for more equipment than had been produced in the USSR before the 
war, and it was apparent from the Fourth Five Year Plan that the Soviet 
Union boped to rebuild its own steel mills. The 1950 target called for 
almost four times as much equipment as had been produced in 1940. 
Nonetheless, orders for equipment had also been placed in the United 
States and other capitalist countries. This may partially account for the 
fact that production of Soviet equipment increased relatively slowly 
from 1944 through 1947. American restrictions on the export of machinery 
from the United States and Western Europe apparently threw the Soviet 
Union back on its own resources and forced it to double its own output 
in one year, 1948. The momentum built up in 1948 carried over at a 
diminished rate in 1949 and 1950, but the net effect was to exceed the 
goals planned in 1950 by a margin greater than total production in 1940. 
As we shall show in the following chapter, the Russians are now able to 
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equip the rapid expansion of their iron and steel industry without any 
help from the outside world. 

In twenty-five years the Soviet Union had promoted itself from a posi- 
tion of complete dependence on capitalist suppliers to the present one in 
which it is able to supply three of its satellites in Eastern Europe with 
equipment to build modern, large-scale iron and steel mills. The USSR 
Information Bulletin and other organs of Soviet propaganda are full of 
pictures of impressive-looking Soviet-made equipment. We can be sure 
that they will miss no opportunity to acquaint the outside world with 
the significance of this accomplishment. 


American and Soviet Production Compared 


The spirit of competitive rivalry with the leading capitalist countries 
certainly is a motive inducing Soviet leadership to force the development 
of the iron and steel industry. On March 10, 1939, in his speech to the 
Eighteenth Party Congress, Stalin indicated the importance of this com- 
petitive spirit. Basic economic policy is laid down at party congresses 
more clearly and forcefully than on any other occasion. Stalin's speech 
set the tone for all subsequent discussion of the rate of growth of the 
iron and steel industry. To advocate the "wrong" rate of growth has 
often been considered a crime, the serious crime of “wrecking.” Stalin, 
speaking on this subject from the tribune of the Sixteenth Party Congress 
in 1930, made clear what he thought of people who disagreed with his 
policy. "People chattering about the necessity of lowering the tempo of 
development of our industry are enemies of socialism, agents of our class 
enemies.” ?9 Jt is, therefore, doubtful that anyone in the audience dozed 
off to sleep as Stalin enunciated the correct line from the same tribune 
five years later: 


Thus we find that as regards technique of production and rate of growth 
of our industry we have already overtaken and outstripped the principal 
capitalist countries. 

In what respect are we lagging? We are still lagging economically, that 
is, as regards the volume of our industrial output per head of population. In 
1938 we produced about 15,000,000 tons of pig iron; Great Britain produced 
7,000,000 tons. It might seem that we are better off than Great Britain, but if 
we divide this number of tons by the number of population we shall find that 
the output of pig iron per head of population in 1938 was 145 kilograms in 
Great Britain and only 87 kilograms in the USSR . . . The economic power 
of a country's industry is not expressed by the volume of industrial output in 
general, irrespective of the size of population, but by the volume of indus- 
trial output taken in direct reference to the amount consumed per head of 
population . . . j 

In order to outstrip Great Britain economically in respect to the production 
of pig iron, which in 1938 amounted in that country to 7,000,000 tons, we 
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must increase our annual output of pig iron to 25,000,000 tons. In order 
economically to outstrip Germany, which in 1938 produced 18,000,000 tons 
of pig iron in all, we must raise our annual output to 40,000,000 or 45,000,000 
tons. And in order to outstrip the U.S.A. economically — not as regards the 
level of 1938 which was a year of crisis and in which the U.S.A. produced 
only 18,800,000 tons of pig iron, but as regards the level of 1929, when the 
U.S.A. was experiencing an industrial boom and when it produced about 
43,000,000 tons of pig iron — we must raise our annual output of pig iron to 
50,000,000 or 60,000,000. 

The same must be said of the production of steel and rolled steel, and of 
the machine-building industry, and so on, inasmuch as all of these branches 
of industry, like the other branches, depend in the long run on the production 
of pig iron... 

How much time do we require to outstrip the principal capitalist countries 
economically in regard to the production of pig iron? When the Second Five 
Year Plan was being drawn up, certain members of the old personnel of the 
State Planning Commission proposed that the annual output of pig iron to- 
wards the end of the Second Five Year Plan should be fixed in the amount 
of sixty million tons . . . This, of course, was sheer fantasy, if not worse . . . 
But if we ignore these fantastic dreamers and come down to reality, we may 
consider quite feasible, an average annual increase in the output of pig iron 
of two or two and a half million tons, bearing in mind the present state of the 
technique of iron smelting. The industrial history of the principal capitalist 
countries, as well as of our country shows that such an annual rate of increase 
involves a great strain but it is quite feasible.?* 

In this speech, made in 1939, we find the inspiration for the goal of 50,- 
000,000 tons of pig iron and 60,000,000 tons of steel which Soviet writers 
now refer to as their objective for 1960. 

Comparing the level of output in widely different economies at dif- 
ferent times has very limited economic significance. Nonetheless, the 
Soviets are forever making such comparisons and consider themselves 
in a perpetual state of competition with the United States. In their own 
terms, therefore, how are they making out in this race? When Stalin 
threw out his challenge, the Soviet prospects did not look too bad. In 
1938 Soviet production of pig iron and steel ingots lagged behind the 
United States by only 6,000,000 and 19,000,000 tons respectively. But 
1938 was a bad year for the United States, as Stalin pointed out. Further- 
more, the Second World War set back the Soviet steel industry by a dec- 
ade. Therefore, Soviet production in 1953 still lagged several laps in the 
race: in that year Soviet production of pig iron equaled that of the Uni- 
ted States in 1910, and of steel that of the United States in 1905. Per 
capita comparison puts the Soviets back many more years. Assuming a 
population of 210,000,000, we can estimate that the Russians turned out 
130 kilograms of pig iron and 181 kilograms of steel per capita in 1953. 
The United States had reached the same production per capita by 1890 
in pig iron and by 1902 in steel. In this imaginary race with the leading 
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representatives of the capitalist world, the Soviet Union has just passed 
the milepost that the United States left behind some sixty years ago. 

Looking at the "race" from another angle, how much iron and steel 
would the Soviet Union have had to produce in 1953 to equal American 
output per capita for that year? In 1953, with a population of 160,000,- 
ooo, the United States produced 68,000,000 metric tons of pig iron and 
101,000,000 metric tons of ingot steel. The USSR, with its 210,000,000 
people, would have had to produce 89,000,000 metric tons of pig iron 
and 133,000,000 metric tons of steel to equal the per capita attainments 
of the American steel industry. The Russians have been chasing a will- 
o’-the-wisp. Because of this great lag, one reads no more about overtak- 
ing the American per capita production. Exhortations to "overtake the 
leading capitalist nations" continue, but they are couched in much more 
general terms. At the same time, the Russians frequently remind them- 
selves that in the depths of the Great Depression (1932) the United 
States produced a grand total of only 9,000,000 metric tons of pig iron 
and 13,000,000 metric tons of steel. Nor are they unaware that during 
1954 American production of these two commodities dropped some 15,- 
000,000 and 21,000,000 metric tons. 


CHAPTER 9 


The Cost-Price Structure and Subsidization 


With the inauguration of the Five Year Plans, industrialization be- 
came the principal objective of Soviet economic policy, and an integral 
part of it was the forced development of the iron and steel industry. The 
monetary reflection of that policy took the form of financial subsidies 
from the state budget. The Soviet Union in 1929 embarked upon a pro- 
gram of subsidization that would have elicited the envy of tsarist minis- 
ters from de Hennin to Count Witte. Subsidies began, however, several 
years before the First Five Year Plan. In the first year of the New Econ- 
omic Policy, 1921-22, it has been estimated that metal products covered 
only about half of their costs. In fact, steel prices were so low that the 
industry was organized into monopolistic selling syndicates, and govern- 
ment price regulation began by raising metal prices to the consumers. 
During 1923 prices rose so high that for a few months they were cover- 
ing costs. At the same time prices of all industrial consumer goods were 
being pushed up faster than prices of farm products, resulting in the 
famous "scissors" crisis. In order to mollify the peasantry, the leadership 
decided to hold back the rise in industrial prices, so in mid-1923 the steel- 
selling syndicates reversed their policy and henceforth instituted ceiling 
prices. This reversal marks the beginning of a deliberate policy of sub- 
sidizing low prices to metal consumers, a policy that has continued with 
brief interruptions to the present day. At first, to be sure, price control 
was only partially effective, and many sales were made above the price 
ceilings, but the control was effective enough so that the steel industry 
experienced losses in 1923-24. For the metal industry as a whole (of 
which iron and steel were the major components), subsidies for the per- 
iod 1925-1928 amounted to the large sum of 609,795,000 rubles. How- 
ever, 93,971,000 rubles were paid back in the form of taxes, leaving a net 
subsidy of 515,824,000 rubles.! 

A number of different sources show how the cost-price structure of 
iron and steel products made such subsidies necessary. Most interesting 
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is an article published in November 1928 by Sh. Ia. Turetskii, one of the 
most competent Soviet economists. He presents indexes of both cost and 
prices of several important manufacturers and compares them with 1913. 
The results ( Table 8) show clearly that the iron and steel industry was 
subsidized by the state. The first thing to notice is that industrial prices 
as a whole were not subsidized, prices having risen more than costs 
since 1913. Second, such basic materials as coal and oil were subsidized 
very little. Nor were the three types of fabricated machines subsidized. 
On the other hand, the wholesale prices of basic iron and steel products 
were far below costs of production. 


TABLE 8 
COST AND PRICE INDEXES OF MANUFACTURED GOODS ON 
THE EVE OF THE FIRST FIVE YEAR PLAN (1918 — 100) 


Cost Index Price Index 
(COR. ceci a Colin EU EAT v ees 178 173 
Oleee (————' 125 120 
Jj —— ——— RE as ERE 161 174 
Railroad engines at Sormovo Works................--- 195 175 
BOOT P PEE 2015 
WEA OS. n s one omm Riera nos, BRITS anb ar 241. 231 
RUM PSs. iae gie octets sort ete query erede Sel ee s 223 J 
Iron ore... nM 229 105 
Conversion pig WON esni detek EEPE ia ee 177 
Open hearth Mehrere rinin eee 171 | 146 
BUB M —-—-————————— ie | 
Small assorted iron. oa cssc bU aye AES oes 200 
Railroad alls. meses ont I Be dac ESO ee 202 150 
Average, all industries. ....... nanunua 00 cee ees 170 185 


Source: Sh. Ia. Turetskii, “The Problem of Costs of Production in the process of Price Forma- 
tion," Plan. Khoz., 1928, no. 11, p. 175. 


Up to 1927 price regulation had been confined to economic interven- 
tion rather than to the fixing of set prices in the strict sense of the term. 
But from 1928 on, in preparation for high-speed industrialization, prices 
were based on planned costs and then strictly regulated. Industrial enter- 
prises have to sell their products at prices set by the government. If these 
prices are high enough to allow a margin between costs and prices, the 
enterprise makes a profit, but if the prices are set below costs, the differ- 
ence between receipts and expenditures has to be made up by a subsidy. 
From 1928 until 1936 prices of iron and steel products were fixed at the 
1928 level while costs of production continued to rise with the sharp rise 
in money wages. Soviet authorities frankly admitted that, by keeping 
prices almost fixed and letting wages rise threefold, the state was sub- 
sidizing the "mastering of new techniques" and the training of hundreds 
of thousands of workers in the iron and steel industry. Costs rose in 1931 
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by 26.6 per cent, in 1932 by 17 per cent, and in 1933 by 5.3 per cent, or 
a total in the three-year period of 55 per cent. Prices remained stable 
and the deficit was covered by subsidies from the state budget. 

The desire to favor the expansion of iron and steel was not, however, 
the sole reason for the subsidization. Prices were fixed on these products 
and many others in order to facilitate cost planning and cost control in 
all industries using semifinished iron and steel. Otherwise, the managers 
of steel fabxicating factories would have blamed their increased costs on 
factors beyond their own control. If his costs are rising, the manager of 
an automobile factory is only too eager to blame the entire rise on higher 
prices of steel, aluminum, glass, and so on, instead of admitting his own 
managerial inefficiencies. 

In 1934 the trend was reversed, and costs of iron and steel, instead 
of rising, fell 8.6 per cent below those of 1933. In 1935, they came down 
another 8.3 per cent, which helped lay the groundwork for the price re- 
form of April 1, 1936. Since our knowledge of this price reform is quite 
detailed and complete, we shall devote some time to it in order to under- 
stand the cost-price structure and the system of subsidies. This reform 
came as the result of continual pressure on the part of Soviet economists 
to revise the wholesale (not retail, which includes much more turnover 
tax) industrial price system in line with opportunity costs. The intention 
was to make price more closely measure the alternatives sacrificed. The 
prime objective of the reform, therefore, was to eliminate subsidies. The 
process of elimination revealed for the first time how large the subsidies 
really were. 

The most basic of all ferrous metal products is conversion (pig) iron 
manufactured in coke blast furnaces. Changes in the all-Union average 
costs and prices of this product will illustrate the extent of the subsidies. 
From 1925 through 1930 its cost varied between 59 and 49 rubles per 
ton.? On the basis of these costs, the price of conversion iron was pegged 
throughout the First Five Year Plan at 51 and then 5o rubles per ton, 
where it stood in the first quarter of 1936. In the meantime, as has been 
explained, the costs of production fluctuated. They rose to a high point 
in 1933 and fell somewhat in 1934 and 1935. Then on April 1, 1936, the 
subsidies were eliminated, and the countrywide price of conversion iron 
(based on the new costs) more than doubled, to 108 rubles per ton.* 
Just how and why that price change was made deserves further atten- 
tion, especially in view of the lack of specific information about the So- 
viet cost-price structure. Probably more has been written by outsiders 
about how the Soviet price system ought to operate, and less is actually 
known about how it does operate, than is true of any other aspect of So- 
cialist economics.* 

The lion’s share of the increased cost of pig iron was attributable to 
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the increased cost of raw materials. In the first place, there had been a 
subsidy hidden in the cost of coke consumed in the manufacture of pig 
iron. The 1935 cost of coke was 27.49 rubles per ton, but the average 
price was only 16.19, which meant that coke production had been subsi- 
dized directly in the amount of 11.30 rubles per ton. It was therefore 
necessary to raise the price of coke, but in addition there were other hid- 
den subsidies, the elimination of which called for a rise in the price of 
coke by more than 11.30 rubles. Sixty-four per cent of the cost of coal 
was attributable to railroad transport, and, since freight rates and other 
coal costs had risen, the price of coal had to go up correspondingly. The 
net result was a jump in the price of coke from 16.19 to 46.54 rubles per 
ton, as follows: 16.19 old coke price, plus 11.30 direct subsidy, plus 
16.80 added cost of coal including higher coal freight rates, plus 1.33 
freight increase on coke, plus 0.92 added costs of auxiliary materials; 
total, 46.54 rubles. This new price was subject to some further adjust- 
ments for the increased value of bv-product gases. 

Similar adjustments were made for all the other materials used in 
the production of pig iron, with the result that their prices rose approxi- 
mately as follows: iron ore from 6 to 9 rubles per ton; manganese from 
18 to 21 rubles per ton for Chiatura ore and from 12 to 27 rubles per ton 
for Nikopol ore; a 42 per cent subsidy on firebrick was eliminated; and 
limestone prices were raised from 2.34 rubles to 7.80 rubles per ton. In 
1935 the total planned subsidies for the raw materials going into the pro- 
duction of pig iron amounted to 574,000,000 rubles, broken down as fol- 
lows: coke, 250,000,000; ore, 180,000,000; other minerals, 27,000,000; fire- 
brick, 42,000,000; and wood for charcoal, 75,000,000. Adjusted for price 
changes made in 1936, the subsidy on these inputs would have amounted 
to 682,400,000 rubles, and the elimination of this subsidy alone raised 
the planned costs of iron and steel products as a whole by 28.4 per cent. 

After all costs had been calculated and the new subsidy-free prices 
determined, the prices of all metals were arbitrarily reduced by 6 per 
cent. This may have been an allowance for anticipated lowering of costs 
to take place in 1936. For that reason, the new all-Union price of open- 
hearth conversion iron, OST No. 6386, is listed in handbooks at 115 minus 
6 per cent, or 108 rubles per ton. The average profit realized on pig 
iron in the six months following reform was 6 to 7 per cent. 

With regards to all iron and steel products taken together, prices had 
to be raised on the average 100 per cent to eliminate the subsidy. Since 
costs during the period 1932-1935 had been much higher than they were 
in 1936, it follows that the average subsidy for those years must have 
been much greater than 50 per cent of the cost. The variation in price 
rise indicated by the following figures shows that the earlier the stage in 
the productive process, the larger the subsidy: all iron and steel prod- 
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ucts, 99 per cent; the pig iron group, 153 per cent; the ferroalloys, 123 
per cent; assorted rolled steel products, 109 per cent; iron pipe, 70 per 
cent; and quality rolled steel, 55 per cent. 

Although subsidies were eliminated for the iron and steel industry 
as a whole, the fact that the prices received by producers were the same 
all over the Soviet Union meant that the profits derived from some plants 
had to be diverted to make up for losses in others. For example, the more 
efficient industry in the Ukraine had to support the higher-cost plants 
in the central and eastern regions. The differences in costs of production 
among plants and groups of plants fall into three categories: temporary, 
permanent, and imaginary. Temporarily high costs are always incurred 
when a new plant first goes into operation. Unforeseen difficulties have 
to be overcome, and untiained workers, technicians, and managers have 
to learn their jobs and learn how to get along with one another in a com- 
plex organization. That the new works gradually did fall into line is 
shown by the experience of Magnitogorsk, which began operations in 
1932. The cost of manufacturing conversion iron at Magnitogorsk was 
22 per cent higher than at Dzerzhinsk in 1932, but by 1933 the difference 
was 19 per cent. In 1935 the gap almost closed, and in 1936 costs at Mag- 
nitogorsk were lower than at Dzerzhinsk. The same relationships held 
for steel and rolled products.? 

The range of interplant differentials is illustrated by the varying costs 
(in rubles per ton) of producing open-hearth steel in six representative 
large plants during the first six months following the price reform of 
1936: Magnitogorsk, 141.7; Makeevka, 143.8; Dzerzhinsk, 150.0; Kuz- 
netsk, 160.0; Petrovsk, 163.6; Azovstal, 199.6. The high costs of pro- 
ducing steel at Azovstal were only in part due to the difficulties of 
adaption for the new plant. More important were disadvantages of a 
permanent nature such as the necessity of using very low-grade, pow- 
dery, and phosphoritic iron ores from Kerch in the manufacture of pig 
iron. The cost of conversion iron at Ázovstal was almost 50 per cent 
higher than at Magnitogorsk. A similar handicap is faced by the plants 
in the central region having to use low-grade Tula and Lipetsk ore. The 
cost of extracting it was so out of line that its price was set just about 
double that of the much better quality ore from Magnitogorsk and Krivoi 
Rog. The central works labored under the additional handicap of long 
freight hauls for coal and other raw materials. For these reasons, the 
price of foundry iron produced in the central region was made an excep- 
tion to the general rule of uniformity and set 14 per cent higher than the 
all-Union price. In spite of the price advantage the cost disadvantages 
of the central works were so great that they required a permanent sub- 
sidy. 

The centuries-old Urals works most certainly were not suffering from 
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the "growing-pains" of an infant industry. Their handicaps were not so 
easily overcome. The cost of mining their iron ore was considerably 
higher than that of both Krivoi Rog and Magnitogorsk. Their main cost 
disadvantage, however, was the necessity of using charcoal instead of 
coke as blast-furnace fuel. The 1935 plan called for a 100,000,000 ruble 
subsidy to the charcoal manufacturing operations of Vostokostal' With 
7.25 cubic meters of charcoal per ton of pig iron standing at the subsi- 
dized price of 5.60 rubles per cubic meter, the old cost of fuel was 
40.60 rubles per ton of pig iron. The new subsidy-free cost of charcoal, 
set in 1936 at 20.50, raised the fuel cost alone by 108 rubles to 148.6 
rubles per ton of pig iron. The price of this high-quality charcoal pig 
iron was set at 197 rubles (with an additional quality allowance of 56 
rubles per ton), which was considerably above the all-Union price of 
108 rubles, but this still did not free the inefficient old works from the 
necessity of a subsidy. The Urals plants were also inefficient in the pro- 
duction of steel, as was clearly revealed when costs of production of 
open-hearth steel were figured in all Soviet plants on the assumption of 
a uniform price for pig iron and scrap. The weighted country-wide aver- 
age cost of steel was 176.91 rubles per ton, whereas in the Urals' charcoal 
works it came to 234.50. 

The third category, "imaginary" cost differences, is more amusing 
than significant. It is difficult enough to enforce uniform rules of ac- 
counting on such a sprawling, heterogeneous group of enterprises as 
make up the Soviet iron and steel industry, but it is doubly difficult if an 
occasional enterprise deliberately disobeys the rules. One illustration 
will suffice. For several years the big works at Makeevka was credited 
with producing the cheapest conversion iron in the USSR. It received 
kudos from the popular as well as the technical press: "In the course of 
1935 the broad movement for subsidy-free, profitable operation was be- 
gun by the collective of Makeevka metallurgical works named in honor 
of S. M. Kirov, opening a new vista in the activity of iron and steel and 
its raw material base,” etc., etc.5 Deference was shown by other leading 
metallurgists when the Makeevka director, Gartvan, boasted about his 
accomplishments in an interview with Stalin. But the truth will out. It 
seems that Gartvan's low costs were imaginary, the product of account- 
ing skuldruggery. When reporting costs he assigned all overhead ex- 
penses to rolled products, which are so diverse that it is difficult to 
compare their costs in different plants. Consequently his reported costs 
of pig iron and ingot steel appeared to be lower than those of other en- 
terprises with which they were compared. Thereafter Mr. Gartvan was 
known as the former director of Makeevka, wrecker and enemy of the 
people.? 

Two inadvertent accounting blunders made it difficult to calculate 
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the profitability of the different branches of the industry that resulted 
from the 1936 price reform. Instructions put out by the government 
called on all enterprises to revalue their inventories in accordance with 
the higher prices that went into effect on April 1. This was done, but 
the instructions forgot to take account of the fact that the book value 
of stocks included freight rates and handling charges of all kinds, which 
also had increased. Some months later when the mistake was uncovered 
the accountants had to improvise methods for estimating how much 
were "paper" profits. These amounted in the second and third quarters 
of 1936 to the large sum of 100,000,000 rubles. Another mistake was 
failing to raise the price of scrap metal until June 1, two months after 
all other prices had been changed. 

The Soviet economists made what would be considered by Western 
criteria a neat job of allowing for these mistakes and arrived at estimates 
of the profit margins planned for various sectors of the industry, exclud- 
ing one-time profits resulting from marking up inventory. For the in- 
dustry as a whole, profits came to 6.3 per cent, but, as explained, this 
6.3 per cent was not earned evenly throughout. In the south it averaged 
8.6 per cent, in Trubostal (pipe) 7 per cent, in Spetstal’ (quality steels) 
11.9 per cent, in Magnitogorsk 12.3 per cent, while the Kuznetsk and 
Novo-Lipetsk plants broke even. For the charcoal works of the Urals 
(Vostokostal’), instead of profits there was a subsidy amounting to 21 
per cent of costs, and for the Novo-Tula works in the center a subsidy of 
42.4 per cent. The subsidies at Kosaia Gora and Svobodnyi Sokol in the 
center came to 9.2 and 3.9 per cent. 

In order not to impede operations in the subsidized works whose 
normal receipts would not cover costs, and at the same time to avoid 
giving the works with planned profits any leeway for spending their 
extra receipts in ways not called for by plan, the central administration 
worked out a special system. When a customer of a profitable steel 
works pays for his order, there is automatically taken away from the 
steel mills bank account a sum corresponding to the planned rate of 
profit. This sum is then entered in a special subaccount of the central 
administration at the local steel-town branch of the State Bank. The re- 
mainder of the proceeds of the sale are left in the account of the steel 
works. The subsidized works, on the other band, receive their planned 
subsidy every ten days in accordance with their production plan. 

Once the task of complete price revision had been carried through in 
1936, the same performance began all over again. Prices were pegged 
and rarely adjusted, while, in spite of all efforts, costs again began to rise 
above the fixed prices. In the thirteen years that elapsed between April 
1936 and January 1949, there was only one significant price revision, that 
of December 1939.!9 
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The decree of December 9, 1939, changed prices much less than 
either its predecessor of 1936 or its successor in 1949. The 1936 prices 
had been carefully determined, and costs between 1936 and 1939 had 
not risen enough to call for any drastic price rises in order to eliminate 
subsidies. The price of ordinary conversion iron was raised in 1939 from 
108 to 150 rubles a ton, percentage-wise much less than the jump in 1936 
from 5o to 108 rubles a ton. On the other hand, for the same reason that 
the price of pig iron had been raised more than other ferrous metal prod- 
ucts in 1936, it was raised more than the others in 1939. The same was 
true of foundry iron. The prices of rolled products changed less, as in- 
dicated in Table 9. Two very minor price changes were decreed on July 


TABLE 9 
REPRESENTATIVE IRON AND STEEL PRICES, 1936-1950 
(rubles per ton) 


Jan.-Dec. Jan.-July 


1936-1939 19410-1948 1949 1950 
Conversion iron, ordinary, coke...... 108 (a) 150 (d) 461 (e) 369 (e) 
Foundry iron, ordinary, coke........ 159 (b) 185 (d) 515 (e) 412 (e) 
Foundry iron, ordinary, charcoal.... 251 (b) 340 (d) 1000 (c) 800 (e) 
Railroad rails, grade 1.............. 259 (c) 300 (d) 950 (e) 627 (c) 
I Beams, no. 202, 6 6.3 esent 267 (b) 296 (b) 450 (e) 297 (e) 


These items were chosen because of their importance and representative nature. Prices are 
all-Union industrial averages for each item. 

Sources: (a) Discussed in accompanying text. (b) Leningradskaia oblastnaia planovaia 
komissiia, Spracochnik tsen na stfroitel'nye matcrialy, oborudovaniia, i transporta, No. 34 (Lenim- 
grad, 1941), pp. 71-108. (c) Sov. Mct., 1936, no. 7, p. 6. Prices of southern Bessemer rails 
were lowered 10 per cent in 1937. Sce Nashc Stroitci'stvo, 1937, no. 8, p. 64. (d) Vnitomash, 
Stali v  mashinostroenii, spravochnik (Moscow-Leningrad, 1946), pp. 14-18. (e) Ministerstvo 
ugol'noi promyshlennosti SSSR, Nomenklaturnyi spravochnik i tseny na materialy i oborudovanic 
(Moscow, 1949). Pages 120 and 450—453 list the 1949 prices. In its supplement, pp. iv, xii, 
are the percentage price reductions effective January 1, 1950, which are 20 per cent for the pig 
irons and 34 per cent for the other products. 


30 and August 15, 1940, lowering the prices on second-grade metal prod- 
ucts, and on January 1, 1947, another decree called for some equally 
insignificant changes; but during the decade of war and postwar inflation 
the prices of iron and steel products were for all practical purposes fro- 
zen solid at the 1939 level.!! 

The 1941 Plan gives us the cost-price relationships for each industry: 
at the end of 1940 on the eve of the war. As we have shown, wholesale 
prices remained throughout 1940 and 1941 at the levels set in December 
1939. On the basis of these prices, the value of the goods produced by- 
the Commissariat of Iron and Steel in 1941 was to be 15,355,000,000: 
rubles (p. 11). On the basis of 1940 costs, the full costs of producing 
these goods in 1941 was to be 14,621 million rubles, leaving a profit o£ 
734,000,000 (pp. 566, 571). In addition the plan called for lowering costs 
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3.5 per cent below the 1940 level, which would add another 507,000,000 
rubles to the 1941 planned profit, the total coming to 8 per cent of 
planned “sales.” 

Wartime inflation of wages and other costs destroyed this neat 
balance between prices and costs. In order to simplify planning and 
production accounting, wholesale prices were left unchanged, and the 
inevitable result was large-scale subsidies to the iron and steel industries. 
From another point of view, these payments out of the state budget were 
one way of insuring that vital industries got the resources they needed 
to carry out their assigned tasks. Substantial profits were turned into 
losses and small losses into bigger ones. The Kuznetsk iron and steel 
combine is a case in point. In 1940 it earned a profit of 102,600,000 
rubles, but in 1947 it lost 19,900,000, which had to be made up by a 
state subsidy (sce Chapter 12). Part of this tremendous shift from profit 
to loss was occasioned by the squeeze between rising costs and fixed 
selling prices. 

The device of subsidization instead of price increases was tolerated 
for administrative reasons for nearly a decade, but it was not without 
serious disadvantages. By 1948 the industrial price system was even fur- 
ther out of line with opportunity costs than it had been in 1935, to the 
annoyance of the top planning organizations, which saw the disadvan- 
tages inherent in such a situation. Even more harmful was the managerial 
laxity encouraged by continual, large-scale subsidies. As one authority 
explained: 


The system of state subsidies, which was necessary in the years of the 
Second World War and in the postwar reconstruction of the economy, became 
a brake on the course of further development of the national economy. It broke 
down the basis of business accountability — commensurable costs and produc- 
tive results, the covering of costs by internal means. The system of state 
subsidies engenders in enterprises the habit of living from funds of the state 
budget, weakens the stimulus to fight for the lowering of costs, hampers the 
task of strengthening the Soviet rule.!? 


The magnitude of the 1949 price increases revealed the colossal sub- 
sidies that had been handed out to industry before the price increases 
took effect. Instead of being doubled as in the 1936 price reform or 
raised by 20 to 40 per cent as in 1939, iron and steel prices were raised 
about threefold by the 1949 decree. The 1949 revision turned out to be 
higher than necessary, and in igso steel prices were sharply reduced, 
although not by any means to the 1939 level. Metal prices were cut twice 
during 1950 and have been coming down periodically since then. The 
cuts made in January 1950 are shown in Table g. The second cut was 
decreed in July, lowering the prices of pig iron by 37 to 47 per cent, 
prices of ordinary sections of quality steel by 15 to 50 per cent, and prices 
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of pipe by 10 per cent below the prices of January 1949. A third cut in 
steel prices took effect January 1, 1952.4 

The reasons for the excessive price increases of 1949 are not hard to 
find. The decision to revise the price system had to be taken far in ad- 
vance of the event. Our discussion of the 1936 reform has indicated 
some of the complicated problems involved. Mere preparation and print- 
ing of price lists on hundreds of thousands of products must have re- 
quired several months. A partial listing of steel prices fills a big book. 
"Therefore the planning authorities had to decide at an early date, prob- 
ably even before the monetary reform in 1947, the basis for the price 
reform. They chose to set the prices for 1949 at a level somewhat below 
the planned costs of the year 1950 envisioned in the Fourth Five Year 
Plan, which had been published in 1946. Published articles and speeches 
on the price reform showed that the authorities believed they were sct- 
ting prices too low and that complete elimination of subsidies would 
require further cost lowering by at least 6 per cent during the year 19.9. 
With such criteria as a basis for the reform, only by a stroke of luck 
could the prices set on January 1, 1949, bear the desired relationship to 
actual costs of production during the year 1949. This blunderbuss ap- 
proach to price-fixing was bound to miss the mark even further as far 
as individual industries were concerned. In the case of iron and steel, 
the 1949 prices were set too high, because between 1946 and 1949 the 
productivity of both labor and capital equipment increased more rapidly 
than anticipated in the Fourth Five Year Plan, with a corresponding fall 
in the costs of production.!* 

Unit costs of production apparently reached a maximum in 1946. One 
report says that in 1946 the enterprises of the iron and steel industry 
lowered production costs 1.8 per cent in comparison with the plan. The 
plan, however, may have allowed for a rise in costs during this period 
of reconversion to peacetime production, because iron and steel is con- 
spicuously absent from an enumeration of ministries lowering costs in 
1946. The 1947 plan called for a modest lowering of costs of industrial 
products by 1.4 per cent and of iron and steel by 2.3 per cent. A rise 
in productivity in fact did permit lower production costs that year. The 
enterprises in the east and the center more than met their planned cost 
reductions, but the southern plants did not do so well. In 1947 the plants 
of the Dnepropetrovsk area lost more than 82,000,000 rubles over and 
above their government subsidy. During 1947 every enterprise in the 
iron and steel industry still operated at a loss.!? 

In response to higher productivity, the cost situation improved rapidly 
during 1948. In the first quarter, costs of iron and steel fell by 4.5 per 
cent instead of by 2 per cent as called for in the quarterly plan. During 
the first eleven months of the year, the industry saved 842,000,000 rubles 
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over and above economies contemplated in the annual plan, and that 
year, in contrast to 1947, the southern works came in for their share of 
the credit. Three eastern works even succeeded in giving up the state 
subsidy and turning in a profit on the basis of the old 1939 prices. Chu- 
sovoi proudly turned in the modest profit of 2,600 rubles and Kuznetsk 
turned its 1947 loss of 19,000,000 into a profit of 26,200,000 rubles in 
1948, while Magnitogorsk saved some 50,000,000 rubles over the plan.!9 

In view of the 300 per cent price rise on January 1, it is not surprising 
to learn that the iron and steel industry as a whole made a profit in 1949. 
In fact, the profits were so enormous that the press seemed ashamed 
to report them. We do know, however, that Kuznetsk in the first four 
months of the year earned almost as much profit as it did in all of 1948, 
which means an annual rate of about 75,000,000 rubles for that one plant 
alone. Magnitogorsk, with the help of its special freight rate, in the first 
five months of the year gave "tens of millions of rubles" of profit above 
plan and in the first ten months reported that production costs had been 
lowered by 23,500,000 rubles more than planned. Even the old and rela- 
tively inefficient works at Voroshilovsk in the Ukraine turned in 5,500,- 
ooo rubles profit in 1949.17 

The meaning of profits for 1950 is obscured because of two substan- 
tial reductions in the prices of both the materials that the iron and steel 
industry has to buy and, more important, of the products it sells. No 
figure on over-all profits or economies has been discovered for that year, 
although a large number of firms reported substantially lowered costs 
throughout the year and these should have been general in view of over- 
all increases in productivity during 1950. These reports continued through 
1951, and in that year the economies from lowering costs of all industrial 
production amounted to over 26,000,000,000 rubles, not counting econo- 
mies from lower prices of raw materials.!? 

Thus far we have been talking about state subsidies to enable day- 
to-day operation of the Soviet steel industry. By the criteria of free pri- 
vate enterprise, the investment of capital funds in the industry is also 
subsidized. There are two senses in which investment is "subsidized" in 
the Soviet Union. In the first place, no interest charge is made for the 
use of long-term investment funds and such interest does not appear, as 
does depreciation, in the cost accounts of enterprises. But this rule applies 
without discrimination to all industries. It does not affect investment in 
the steel industry per se, except insofar as the failure to charge interest 
might conceivably lead Soviet planners to underestimate the costs of in- 
dustrialization and therefore lead them to impose heavier burdens on the 
Soviet people in the form of fewer goods for current consumption. 

In the second place, investment funds are channeled to one industry 
or another without regard to the relative profitability of each industry. 
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Inasmuch as the iron and steel industry typically suffers a net loss instead 
of making a profit each year, it is obvious that net investment funds have 
to be provided in the form of grants from the state budget. If profita- 
bility were the criterion, the iron and steel industry would have received 
almost no funds at all for expansion. This is what S. M. Veingarten meant 
when he said “wreckers” at one time insisted on profitability as a criterion 
of investment in separate branches of industry, and that this would have 
held back the expansion of the iron and stecl industry.? In another 
sense these investment grants are not additional subsidies independent 
of the rate of profit earned by the steel industry, because, as we have 
seen, it is precisely the price policy set by the same state authorities that 
determines whether or not the steel industry is to be profitable. 

As with all economic phenomena, this whole problem can be ex- 
amined in terms of real rather than money aggregates. Then we can say 
that the Soviet authorities industrialized in a different manner and at a 
faster rate than they could have if they had depended solely on the pro- 
pensity of their consuming public to save. The size of the tax bill, the 
volume and direction of state grants for investment, and the profitability 
of one industry compared to another were but financial reflections of the 
basic decisions about economic development that ultimately had to be 
made in terms of real goods and services. 


CHAPTER 3 


The Rate of Investment 


In our discussion of production and the cost-price structure we 
have mentioned a number of motives that induced the Soviet regime to 
speed up the rate of investment in the iron and steel industry! What 
was the actual tempo that resulted from the regime's efforts? This can 
be measured in five ways: (1) in current ruble prices, (2) in prices de- 
flated by an index of the costs of construction, (3) in terms of quantity 
of steel allocated to the construction of iron and steel mills, (4) in terms 
of output of iron and steel mill equipment, and (5) in terms of the num- 
ber and capacity of the main items of iron and steel mill equipment put 
into operation. The results of all five approaches show the same general 
pattern, although certain series seem to be more reliable than others. No 
attempt will be made to analyze the voluminous data on changes in the 
value of fixed capital, since these data suffer from an unresolvable lack 
of precise definition. Estimates of the value of annual investment in the 
iron and steel industry, measured in current ruble prices, also show wide 
variations for any given year. The main difficulty here apparently arises 
from varying definitions of the scope of the industry. 


Investment in Current Ruble Prices 


The Russians confine their own discussion of the "tempo" of invest- 
ment to value of gross investment (including capital repairs) calculated 
in fluctuating ruble prices. These figures, shown in Table 10, indicate a 
tenfold increase, from 200 million rubles in 1929 to 2 billion rubles in the 
peak year of 1934. Thereafter the annual rate of investment fell sharply, 
so that by 1938 the rate was less than half that of 1934. After 1938 the 
Russians became very secretive about the ruble volume of investment 
in the iron and steel industry. I suspect that their reticence initially 
stemmed from failure of their capital investment plans for 1939 and 1940. 
This suspicion is corroborated by their subsequent failure to reveal the 
results for these years even after the close of the Second World War. In 
almost every other aspect of economic life comparisons for the years 
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TABLE 10 
INVESTMENT IN THE IRON AND STEEL INDUSTRY, 
1923-1938 
a a a ——M———————— 
Index of “Real” volume of 
Current. prices construction costs investment 

(millions of rubles) (1920 = 100) (millions of rubles) 
LL ————————————M———————————— 

9.8 = — 

15.3 = — 

30.7 100 31 

15.0 131 62 

99.6 116 86 

169.2 111 152 

213.4 100 213 

553.7 100 554 

1121.5 117.1 958 

1806.5 142.3 1270 

1860.0 146.7 1268 

2069.0 139.4 1484 

1816.0 140.9 1289 

1207.0 170 710 

1102.0 = 648 

850.0 = 500 


Sources: For 1928, from Metall, 1928, no. 11-12, p. 254. For 1924-1928, from S. G. 
Strumilin, Chernaia mctallurgiia v rossii i v SSSR, tcknicheskii progress za 300 let (Moscow- 
Leningrad, 1935), pp. 284-285. (1923-1930 figures are from October 1 to September 30.) For 
1929-1938, from I. G. Gorelik, Mctodika planirocaniia chernoi metallurgii (Moscow, 1937). p. 
60. The 1938 figure is “planned” and called for the putting into operation of six new blast 
fumaces, eleven Bessemer converters (at Krivoi Rog), and six rolling mills (Plan. Khoz., 1938, 
no. 6, p. 32). See also TsUNKhU, Sotsialisticheskoc stroitel’stuo SSSR (Moscow, 1934), p. 301; 
Sots. stroi, (1938), pp. 386-387; G. B. Lauer, Chernaia metallurgiia, zhelezorudnaia, margant- 
scoaia, i koksovaia promyshlennost SSSR, statisticheskii spravochnik, 1928-1984 (Moscow, 
1935), p. 145; and S. M. Veingarten, Ekonomika i planirovaniia chernoi metallurgit SSSR 
(Moscow, 1939), pp. 325—338. 

The cost index has been pieced together from a number of sources. There is available an 
index of costs of construction for the years 1924-25 to 1928-29, which may be found in 1. G. 
Trotskii, “Ways of Lowering Costs of Construction," Stroitel’naia Promyshlennost', 1934, no. 11, 
p. 28. A discussion of this index is given in two articles in Stroitel’naia Promyshlennost', 1927. 
no. 11, pp. 786-794. There is also available an index of the costs of industria) construction for 
the years 1929 to 1935 (except 1932) computed by the Chief Administration for Industrial Con- 
struction. This may be found in P. S. Frolov, “Costs of Construction in 19384," Stroitel'naia 
Promyshlennost', 1935, no. 6, p. 8, 1937, no. 7, p. 6. (This index was called to my attention by 
Naum Jasny.) The figures for 1932 and 1936 are based on the assumption that the costs of 
construction in the iron and steel industry rose in proportion to the costs of housing construction. 
The percentage increases in housing construction costs for 1932 and 1936 are given in N. A. 
Ruchimskii, ‘About Revision of Estimates of Construction Financed by the Tsekombank," Nashe 
Stroitel’stvo, 1937, no. 23, pp. 87-40; Ersha, "Changes in the Cost of Construction in the 
Second Five Year Plan,” Nashe Stroitel'stvo, 1937, no. 19, p. 28; and Aleksandr Pozaneer, "Study 
of the Cost of Construction of Living Quarters," Nashe Stroitel'stuo, 1937, no. 20, p. 18. The 
1936 index was used to deflate the 1937 and 1938 ruble values. All the available evidence 
indicates a continued cost rise in 1937 and 1938, and therefore an even greater decline in the 
volume of investment tban is shown in column 4. 


1946-1950 were made to the year 1940, but not in the realm of capital 
investment. 

During the war, of course, there was no opportunity to invest in the 
occupied territories. What resources could be spared went into plants 
out of reach of the German armies. In Sverdlovsk Oblast in the northern 
Urals, 1.5 billion rubles were spent during the war on capital construction 
by the iron and steel industry. As the German armies withdrew, large 
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sums were once again poured into the reconstruction of the southern 
plants. From the freeing of the Donbass in September 1943 to October 1, 
1945, about 3 billion rubles were invested in the southern iron and steel 
industry. For the country as a whole the ruble value of investment in iron 
and steel plants during 1944 is said to have been greater than in the pre- 
vious record year of 1934, which indicates a figure in the neighborhood 
of 2.1 billion rubles. The Fourth Five Year Plan called for a total in- 
vestment in the iron and steel industry of 26.94 billion rubles in 1945 
prices and costs, distributed over the period as follows: 3.6 billion rubles 
in 1946, 4.9 billion rubles in 1947, 5.5 billion rubles in 1948, 6.1 billion 
rubles in 1949, and 6.8 billion rubles in 1950. The astronomical character 
of these figures is appreciated when one notes from Table 10 that the 
sum total for the period 1923 to 1938 comes to only 13 billion rubles. 
How a devastated country was able to pour such sums into iron and steel 
plants is better understood when we realize that the share of housing for 
1946 amounted to only 10 per cent of total capital investment? 


Investment in Deflated Prices 


When allowance is made for the surging inflation going on from 
1930 to 1950, the picture of investment changes. The index calculated in 
1929 construction costs flattens out the absolute increase in investment. 
The rise in "real" investment, shown in column 3 of Table 10, turns out 
to be much less than the rise in column 1, and the decline following the 
peak year of 1934 becomes even more precipitous. Curtailment of in- 
vestment following 1934 was in part permitted by the unanticipated rise 
in productivity that occurred as new equipment and techniques were 
mastered and operations were speeded up. This development allowed 
production goals to be met with less capital equipment than called for 
in the original plans and permitted the diversion of investment funds 
from the iron and steel industry. One authority claims that the success 
of the Stakhanov movement in the metal industry allowed the release 
for other uses of about 20 per cent of the funds appropriated for invest- 
ment during the Second Five Year Plan.? 

Jf we assume that the costs of industrial construction after 1935 
changed proportionately to those of housing, we can deflate the esti- 
mated ruble investment for 1944-1946 and the apparent pattern of in- 
vestment for the last four years of the Fourth Five Year Plan, getting a 
rough measure in terms of 1929 costs. No precision should be attached 
to this operation; it is merely illustrative.! “Real” investment thus would 
be as follows: 1944, 1.0 billion rubles; 1945, 1.2 billion; 1946, 1.5 billion; 
1947, 2.1 billion; 1948, 2.3 billion; 1949, 2.6 billion; 1950, 2.9 billion. 
All that we can infer from these figures is that, in physical terms, the 
volume of investment in the years 1944-1946 was about the same as dur- 
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ing the peak years 1932-1935, and that the Fourth Five Year Plan called 
for much more "real" investment in the iron and steel industry than the 
Soviet Union had previously been able to afford. The average annual 
rate for the 1946-1950 plan was 5.4 billion rubles in 1945 prices and 
norms. "Deflated," the plan still comes to 2.3 billion rubles a year. In 
the same terms the record year of 1934 amounted to no more than 1.5 
billion rubles. 


Consumption of Structural Steel by the Industry 


The amount of domestically produced iron and steel allocated for 
the construction of iron and steel works fell from 450,000 tons in 1936 
to 161,000 tons in 1938 (Table 11). This is a more precipitous decline 
than is shown for either the ruble or for the real volume of investment. 
The rise in structural steel allocations to the industry in 1935 and 1936 
is contrary to the trend of the indexes of the value of investment, and 
may be the result of a turn from foreign to domestic sources of structural 
steel supply. 

The steady decline in absolute investment from 1932 to 1938 is 
paralleled by a most remarkable decline in the share of structural steel 
going to the construction of iron and steel plants. As is shown in Table 
11, the iron and steel industry lost out to other industries from 1932 to 


TABLE 11 
IRON AND STEEL PRODUCTS ALLOCATED TO 
CONSTRUCTION OF IRON AND STEEL PLANTS, 
1932-1938 (1,000 tons) 


"Total Tron and steel 
: allocated Total industry 
Ordinary i to iron allocated as per cent 
rolled Cast iron Stec! and steel to all of all 
products pipe pipe industry construction construction 
1932 405.2 23.6 * 428.8 1,465.4 30 
1933 192.0 32.8 I 224.8 1,059.9 21 
1934 199.6 33.0 = 232.6 1,453.6 16 
1935 297.8 23.8 16.0 336.6 2,160.2 11 
1936 418.3 17.6 14.5 450.4 3,432.8 13 
1937 207.1 11.5 17.5 236.1 3,213.8 7 
1938 148.1 6.9 6.0 161.0 2,865.8 6 


* Not available. 


‘oie Be ag, Shulkin, compiler, Potreblenie chernykh metallo v SSSR (Moscow-Leningrad, 


1938. In the former year the iron and steel industry received almost one- 
third of the structural steel, whereas in the latter year its share had fal- 
len to almost one-twentieth. How does the share of structural steel 
compare with the share of investment funds received by the iron and 
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steel industry? In terms of current ruble investment, the decline of the 
steel industry's relative share was delayed one year. The following tabu- 
lation shows the share of the iron and steel industry in the total annual 
investment in heavy industry and in all industry, measured in current 
prices.* 


Heavy Industry All Industry 


1929 13.7% 8.2% 
1930 14.8 13.5 
1931 18.3 15.1 
1932 21.2 17.3 
1933 24.7 18.8 
1934 24.4 17.4 
1935 20.2 13.9 
1936 12.5 7.6 
1937 12.7 7.8 


The decline from 1933 to 1937 in the percentage of total industrial in- 
vestment going to the steel industry is remarkably close to its declining 
share of structural steel. Except for the fact that the percentages for 
1932 seem a bit low, the pattern in terms of relative shares for the period 
1929 to 1937 fits the pattern we would be led to expect by our study of 
the absolute volume of investment during the same period. 


Production of Iron and. Steel Mill Equipment 


Because of heavy reliance on imports, particularly of complex rolling- 
mill equipment, at least up to 1935, the production of iron and steel mill 
equipment gives little indication of the volume of investment. For the 
years since 1943, however, the total tonnage of equipment produced may 
be somewhat indicative of the volume of equipment put into operation. 
Referring to Table 7, we see that during the years 1944-1947 production 
was apparently somewhat higher than the 1935-1940 level. In 1947 pro- 
duction was 48,400 tons; in 1948 it doubled to 93,800; in 1949 it jumped 
to 119,100; and in 1950 it reached 133,400. This accomplishment was 
well above the 1950 Plan and five times the total tonnage of equipment 
produced in 1940. Part of this spurt was doubtless forced upon the Rus- 
sians by American success in cutting off machinery exports from Western 
Europe and the United States. Nevertheless, the record tends to support 
our hypothesis that a large and increasing volume of iron and steel mill 
equipment came into operation in 1949, 1950, and 1951. The Russians 
planned to turn out 85 per cent more equipment in 1955 than they did 
in 1950. ; 

Thanks to Sergei Koptewski, an eminent Soviet refugee, we know the 
weight of mechanical equipment required to build a plant like the origi- 
nal Kuznetsk iron and steel works. Knowing the weights, we have a 
notion of what the reported output of steel mill equipment could mean 
in real terms. Mr. Koptewski gives us an itemized breakdown of each 
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piece of equipment, which we shall summarize here, including the stan- 
dard initial allowance of 10 per cent for spare parts. The total weight of 
the mechanical equipment for an entire shop of fourteen 125-ton open- 
hearth furnaces comes to 10,080 tons. The equipment for a complete 
rolling-mill shop, including blooming mills and a wire mill, totals 24,750 
tons. A blast-furnace plant of four furnaces, each of 930 cubic meters 
capacity, requires 5,800 tons of mechanical equipment, and a coke and 
chemical plant to produce 1,500,000 tons a year requires 4,900 tons of 
equipment. The grand total adds up to 46,250 metric tons. The capacity 
of such a plant is approximately 1,200,000 tons of pig iron and about the 
same amount of steel and rolled metal, depending on the utilization of 
this capacity.? 

The nature of the damage done by the Germans and the plans for 
new construction during 1946-1950 would call for a balanced assortment 
of all types of equipment included in the 46,250 tons required in a 
complete plant. In 1947, therefore, the Soviet heavy-machinery industry 
equipped the equivalent of one new Kuznetsk plant; in 1948, two such 
plants; and in 1950, three of them. If the 1950 rate were maintained, the 
iron and steel capacity of the USSR could expand by something in the 
neighborhood of three to four million tons a year without any help from 
the outside world. 


Equipment Put into Operation 


A fifth measure of the rate of investment is the capacity of equip- 
ment put into operation. Appendix E presents a list of all the new and 
reconstructed blast furnaces built in the Soviet Union between the revo- 
lution and the beginning of 1949. By abstracting the number and ca- 
pacity of the furnaces blown in each year, we obtain a clearly defined 
measure of investment. There is also available some data on the number 
and capacity of open-hearth furnaces and rolling mills put into operation, 
but this does not extend past 1938. 

The Soviet regime's major effort during the twenties was devoted to 
restoring the old tsarist plants to their prerevolutionary capacity. Never- 
theless the regime did build a number of small blast furnaces even before 
the first year of the initial Five Year Plan. Six of them came into opera- 
tion during 1928, providing a total new capacity of 2,804 cubic meters. 

Construction of blast-furnace capacity during the first two Five Year 
Plans follows roughly the pattern sketched by the volume of "real 
investment in deflated rubles. The peak years again are 1932-1934. In 
those three years there were blown in a total of 19,415 cubic meters, 
which exceeds the total volume for all the other years between 1917 and 
1939. The decline in blast-furnace construction from 1935 to 1937 is even 
more precipitous than that of total investment in the industry. In 1934 
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the Soviets blew in seven blast furnaces, with a total capacity of 7,046 
cubic meters, but in 1937 only one furnace, of 930 cubic meters, came 
into operation. 

The plan for 1938 called for the construction of six blast furnaces. 
Only three were completed, but even this poor showing was a big im- 
provement over the year before, when the plan called for five and only 
one was completed. In spite of the backlog of uncompleted work carried 
over from 1938, only one blast furnace came into operation in the whole 
Soviet Union during 1939, which was a bad year not only for production 
but also for construction. Some of the long-delayed furnaces were fin- 
ished in 1940, when five enormous furnaces were blown in, with a total 
capacity of 5,500 cubic meters. One of the world's biggest blast furnaces 
was rushed to completion in 1941 at Zaporozh’e just in time to be cap- 
tured by the Germans. That year also witnessed the completion, at 
Petrovsk-Zabaikal'skii in eastern Siberia, of the two smallest coke blast 
furnaces ever built in the Soviet Union. The three furnaces together 
totaled 1,750 cubic meters, 

The installation of open-hearth furnaces and rolling mills (Table 12) 


TABLE 12 


VOLUME OF NEW BASIC IRON AND STEEL MILL 
EQUIPMENT GOING INTO OPERATION, 1928-1938 


Blast furnaces (a) Open hearths (b) Rolling mills (c) 
Annual 
Capacity Floor space capacity 
Number emi) Number (m?) Number — (1,000 tons) 
1928 2 1,342 0 0 1 (f) 
1929 2 1,457 5 177 11 (f) 
1930 5 2,634 11 301 6 450 
1931 2 1,469 13 415 5 130 
1932 7 6,485 20 593 5 710 
1933 6 5,883 25 1,112 11 215 
1934 7 7,046 19 824 6 420 
1935 3 2,190 26 1,157 18 (f) 
1936 2 2,073 8 294 8 (t) 
1937 1 930 8 (d) 297 (d) 6 (e) (t) 
1938 3 3,572 1 (d) 56 (d) (f) (D 


_— aaa ŘaaaaaaaaaaaaiiiiIaaIaaaeaeaeaeaesamamaslMlt 


Sources: (a) For details see Appendix E. See also Sov. Met., 1937, no. 11, p. 50. Almost 
identical figures for 1928-1934 nre given by G. B. Lauer, Chernaia metallurgiia, zhelezarudnaia, 
margantsevaia, i koksovaia promyshlennost’ SSSA, statisticheskii spravochnik, 1928-1934 (Moscow, 
1995), p. 147. These sources do not count Furnace No. 9 at Dneprodzerzhinsk or the two small 
ones at Nizhnii Tagil. (b) Lauer, p. 147, for 1928-1931; Sov. Met, 1937, no. 7, p. 15, for 
1932—1984. The Lauer series shows one more furnace in 1938 nnd 1934; 1935 and 1938 are 
from Sov. Met., 1986, no. 2, pp. 61, 62; 1987, no. 3, pp. 61, 62. (c) Same as for open-heartbs. 
‘The source gives details about each unit installed. (d) These figures are from S. M. Veingarten, 
Ekonomika i planirovaniia chernoi metallurgit SSSR (Moscow, 1989), p. 334. They nre based on 
data given for the actual number and capacity in operation on October 1 of 1937 and 1938 as 
compared to the same data in the preceding year. The figure for open-hearths may be only a net 
change. (e) This figura is from Plan. Khoz., 1989, no. 8, p. 65. (f) Undetermined. 
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follows an analogous pattern with a one-year lag behind that of blast 
furnaces. The three best years for the installation of steel-smelting and 
rolling facilities were 1933, 1934, and 1935, the absolute peak occurring 
in 1935 (one year later than the peak for blast furnaces), followed by a 
sharp decline in 1936-1938. 

The lag of equipment going into operation after the basic investment 
has been made is shown in the following figures, which give the value 
in current prices of equipment (in the iron and steel industry) going 
into operation, expressed as a per cent of the total value of capital in- 
vestment in the industry: 1930, 60 per cent; 1931, 63 per cent; 1932, 52 
per cent; 1933, 79 per cent; 1934, 88 per cent; 1935, 95 per cent; 1936, 
107 per cent. The ratio does not exceed 100 until 1936, when the value 
of equipment going into operation exceeded total investment. Part of this 
lag is, of course, due to the inevitable necessity of investing in the basic 
plant before the equipment is installed and put into operation. The Rus- 
sians themselves, however, blame it on their lack of experience in plant 
construction, the shortage of skilled construction labor, and poor organi- 
zation and planning of the construction work. Their greatest shortcoming 
was failure to coórdinate plans for construction with plans for putting 
the completed works into operation.* 

Because construction lagged, the actual rate was slower than the 
planned rate of capital investment. It took three or four times longer 
than it would have taken to erect the same equipment in the United 
States. During the early and middle thirties, the average time required 
to erect a blast furnace in Russia was eighteen to twenty-four months 
instead of the eight to nine months required in the United States. 
“Wreckers” were blamed for much of the difficulties in construction.® 

The German attack was a crushing blow to the Soviet iron and steel 
industry. In one fell swoop the enemy overran and destroyed sixty-one 
blast furnaces, totaling 42,875 cubic meters' capacity. One blow wiped 
out a capacity equivalent to that which the Soviets had managed to build 
at immense cost in twenty-three years following the revolution. The Ger- 
man attack, on the other hand, gave new urgency to the expansion of 
facilities behind the Urals. Standard plans for the construction of blast 
furnaces that had been worked out before the war were reviewed to 
economize on metal, firebrick, and other critical materials. Their actual 
construction was greatly speeded by prefabrication of the various parts, 
which eliminated putting them together one after the other at the build- 
ing site. In this way four parts of a blast furnace could be worked on at 
the same time. Such methods explain the erection in record time of the 
only blast furnace completed in the USSR during 1942, No. 5 at Magni- 
togorsk. During the war all of the new blast furnaces were erected in 
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existing metallurgical centers, in order to utilize existing power and trans- 
portation facilities during the course of construction? 

Construction behind the Urals bastion continued during each of the 
remaining years of the Second World War. Four furnaces, having a total 
capacity of 3,160 cubic meters, were blown in during 1943. One of these, 
Blast Furnace No. 6 at Magnitogorsk, with an enormous capacity of 
1,300 cubic meters, was built and put into operation in the course of six 
months. We can better appreciate the effect of wartime pressure in speed- 
ing up the course of investment when we realize that a furnace of the 
same size and design, Blast Furnace No. 3 at Zaporozh’e, took thirty-two 
months to construct before the war.!° Starting with 1944, however, the 
construction effort was overwhelmingly concentrated on the rehabilita- 
tion and reconstruction of the furnaces destroyed by the Germans. This 
effort involved special problems and warrants separate consideration. 

One authority, writing for the organ of the State Planning Commis- 
sion, envisaged the process of restoration of the ruined iron and steel 
plants as divided into three separate periods whose length would depend 
on the actual conditions and problems as they arose. The first period 
would be the preliminary restoration of the least-damaged plants, using 
materíals and personnel that could be found on the spot. In the second, 
or transitional period, it would be necessary to make considerable repairs 
of the remaining equipment and to return some of the equipment that 
had been evacuated in 1941. These resources were to be supplemented 
by imported equipment. The sequence of particular plants to be put into 
operation would be determined by the requirements of the war front. 
Both of these stages were to occur while the war was still going on. 
Problems connected with the installation of new equipment would be 
solved in the third period, which would occur after the war when prob- 
lems could be worked out over a long period of time under relatively 
normal conditions.!! 

Five small and lightly damaged furnaces were repaired and put back 
into operation in 1943 at Kosaia Cora and Enakievo. Three more came 
in during March and April 1944, but with the summer of 1944 begins 
the second phase of reconstruction, which lasted until the end of the 
war in August 1945. During that fourteen-month period, ten furnaces 
were blown in, only one of them large by Soviet standards: Blast Fur- 
nace No. 3 at Azovstal’, of 1,300 cubic meters, blown in on July 26, 1945. 
With the signing of the Japanese peace treaty the order was given to pre- 
pare the Fourth Five Year Plan, to go into effect January 1, 1946 (but 
not announced until February). In the meantime three more small and 
medium furnaces started up in November and December of 1945. 

In order to assess properly the Soviet accomplishments in the post- 
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war era, it is essential to have an accurate and detailed blueprint of their 
building plans for the period 1946 to 1950. Unfortunately, the published 
version of the Fourth Five Year Plan is extremely brief, but, by careful 
piecing together information published in the press and elsewhere, we 
can emerge with a picture that is both reasonable and consistent. We 
know from M. A. Pavlov's tables the detailed characteristics of the sixty- 
three blast furnaces in the southern and centaal regions at the time of the 
German attack, Fifty-nine of these were damaged or destroyed by the 
Germans; two at Svobodnyi Sokol were dismantled by the Russians 
themselves, and the two at Novo-Lipetsk escaped serious damage.!? The 
Fourth Five Year Plan tells us that a total of forty-five blast furnaces 
were to be restored or built and blown in during 1946-1950 and that of 
this total thirteen were assigned to the RSFSR and thirty to the Ukrain- 
ian SSR. The plan also calls for the production in 1950 of 330,000 tons 
of pig iron in the new plant in the Georgian SSR. From other sources 
we know that two blast furnaces were to be built to turn out this 330,000 
tons, and therefore we can account for all forty-five furnaces. We also 
know that, according to the plan, thirty-six old furnaces were to be re- 
stored, leaving nine new ones to be completed by the end of 1950.78 

Since we know the number and date of each blast furnace blown in 
through 1945 (see Appendix E), we can pick out the thirty furnaces 
which, in all probability, were scheduled for reconstruction in the 
Ukraine during 1946-1950. In 1941 there were in the Ukraine fifteen 
plants with blast-furnace shops. On all except one of these plants we 
have found numerous direct reports of their restoration. Perusal of liter- 
ally hundreds of reports of blast-furnace restoration has failed to un- 
cover any mention of either intention or progress in the reconstruction of 
the small blast-furnace plant at the machine-building plant known as 
"DZMO Khataevich” at Dnepropetrovsk. If its machine-building facili- 
ties have been rebuilt, they could be supplied from the neighboring 
giants of Petrovsk or Zaporozh'e. 

Two other Ukrainian blast furnaces, Nos. 3 and 5 at the Dzerzhinsk 
works of Dneprodzerzhinsk, were not scheduled for reconstruction. With 
the blowing in of Furnace No. 8 in October 1948, it was announced that 
the reconstruction of the blast-furnace plant was complete. Our table, 
however, shows that only four of the six furnaces (Nos. 1, 6, 7, and 8) 
were reconstructed by that date, This evidence is confirmed by an article 
in Stal on the Dzerzhinsk works, which indicates that only four blast 
furnaces were to be completed by the end of 1948, and to clinch the 
point shows a fine picture of the reconstructed plant with only four blast 
furnaces. If we assume that there was no intention of resurrecting 
these four blast furnaces at Dzerzhinsk and DZMO, then there were, on 
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January 1, 1946, exactly thirty blast furnaces to be reconstructed in the 
Ukraine, as called for in the Fourth Five Year Plan. These thirty were 
as follows: Nos. 1, 2, 3, and 4 at Krivoi Rog; Nos. 7 and 8 at Dzerzhinsk; 
Nos. 1, 2, and 6 at Petrovsk; Nos. 1, 2, 3, and 4 at Zaporozh'e; Nos. 1 and 
4 at Stalino; Nos. 1, 3, and 4 at Makeevka; Nos. 2 and 5 at Enakievo; Nos. 
1 and 2 at Voroshilov; No. 2 at Kramatorsk; Nos. 2 and 3 at Almaznaia; 
Nos. 1, 2, and 4 at Azovstal’; and Nos. 1 and 2 at Il'ich. A similar analysis 
indicates that, on January 1, 1946, the six furnaces to be restored in the 
RSFSR were two at Svobodnyi Sokol’, three at Kerch in the Crimea, and 
Blast Furnace No. 2 at Novo-Tula. 

There remain to be accounted for only the seven new furnaces to be 
built and blown in during 1946-1950 in the RSFSR, but because there 
has been considerable speculation in the world press about the new 
postwar blast furnaces supposedly built in the USSR, we must first clear 
up some misconceptions by mentioning certain furnaces that were not 
scheduled for completion during the Fourth Five Year Plan. Three new 
plants were definitely intended to have blast-furnace shops, which were 
to be started during the Fourth Five Year Plan but were not scheduled 
for completion until after 1950. The new Orsk-Khalilovo works for qual- 
ity steel at Novo-Troitsk is supposed eventually to have four blast fur- 
naces, but only its open-hearth department was expected to turn out 
metal by 1950, Completion of the first blast furnace at the northwest 
works at Cherepovets near Leningrad was scheduled only for 1951-52, 
and like the Temir-Tau blast-furnace plant near Karaganda, Kazakhstan, 
construction was not even to begin until 1948 (see Chapter 11). As for 
blast-furnace plants in central Asia and in the southwest, to utilize the 
ores of Kursk Magnetic Anomaly, no decisions had been taken to go 
ahead with their construction even in the distant future, much less dur- 
ing the Fourth Five Year Plan, which at most aimed to undertake pre- 
paratory work on their raw material bases.!5 

As for the seven to be built in the RSFSR, the plan itself announced 
the intention of completing the basic construction of Novo-Tagil and 
Cheliabinsk, and of completing the full metallurgical cycle at Kom- 
somol'sk in the Far East. From other sources we learn that this means 
completing Blast Furnace No. 4 at Novo-Tagil, No. 3 at Cheliabinsk, and 
No. 1 at Komsomol'sk. We have reported in Appendix E on the construc- 
tion of No. 1 at Alapaevsk and No. 3 at Novo-Tula, which leaves Nos. 7 
and 8 at Magnitogorsk to complete the list.! 

Intentions are one thing and performance is another. The Fourth Five 
Year Plan got off to a slow start. Only five blast furnaces were blown in 
in 1946 instead of eight as called for in the plan. The honeymoon phase 
of reconstruction was over. The press was filled with complaints about 
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the Jagging construction program, and according to the record for 1947 
they were justified. In that whole year only three reconstructed furnaces 
and one new one came into operation. The first nine months of 1948 
gave the builders little consolation for their poor showing of the two 
preceding years. Between January and November 1948 only three re- 
constructed furnaces began to produce pig iron. This means that during 
the sixteen months from July 1, 1947, through October 30, 1948, only 
four furnaces began to operate in the entire Soviet Union. No new fur- 
naces were scheduled for 1948, but the plan for the fourth quarter called 
for bringing in five more reconstructed furnaces, making a planned total 
of eight for the year. Of these five, two were reported blown in by the 
end of December and one in early January 1949, and the other two, at 
Makeevka and Enakievo, presumably started up in early 1949. 

Let us outline the situation as it looked in December 1948, using the 
quite accurate and detailed data available up to that time. What had 
been accomplished, and what remained to be done? Since the Germans 
first began to retreat, the Russians had rehabilitated thirty-three blast 
furnaces with a total capacity of 23,182 cubic meters. That left twenty- 
four furnaces totaling 17,970 cubic meters, whose reconstruction would 
have to be completed in the next two years if the goals of the Fourth 
Five Year Plan were to be achieved. In terms of the total job to be done, 
restoration was about 56 per cent completed.’* Measured against the 
goals of the Fourth Five Year Plan, however, the record for 1946, 1947, 
and 1948 is much less impressive. The thirty-six furnaces named for re- 
construction in 1946-1950 totaled 29,390 cubic meters. Of that target 
only twelve furnaces totaling 11,420 cubic meters were restored in the 
first three years of the five-year period. In terms of time, the plan was 
60 per cent over, but only 39 per cent of the blast-furnace capacity had 
been restored. 

The construction record for new furnaces was even worse. Starting 
from the relatively high point of 3,160 cubic meters of capacity installed 
in four new furnaces during 1943, the number fell to one furnace of 
1,000 cubic meters in 1945, one of 1,300 cubic meters in 1946, and one 
small 200-meter furnace in 1947. No new capacity whatsoever was even 
called for in the 1948 Plan. There were in the Soviet Union only a few 
plants making blast-furnace equipment, and the regime apparently de- 
cided to devote all available equipment to restoration rather than to 
building new furnaces from scratch. The Soviets had learned in the 
1930's that such a policy required much less investment for equivalent 
results than building new furnaces, particularly if they were to be built 
in new plants located in out-of-the-way places. It is obvious that the 
program of new construction was being drastically curtailed in order to 
throw more of the limited resources behind the lagging program of re- 


THE RATE OF INVESTMENT 55 


construction. In terms of numbers of furnaces the program was only 
two-ninths completed by the end of 1948. In terms of capacity the Fourth 
Five Year Plan called for the installation of 8,280 cubic meters of new 
capacity, but as of January 1, 1949, only 1,500 cubic meters, or 18 per 
cent of the goal of the plan, had been installed.18 

Fragmentary evidence suggests that the emphasis on reconstruction 
rather than new construction may have continued through 1949 and 
1950. Pravda announced in 1946 that construction of the first blast 
furnace in the Transcaucasian plant was under way. Six years later the 
same source reported that this plant was expected to begin production 
of pig iron "in the near future." !? The construction of these new fur- 
naces could hardly have been given a high priority. Blast furnaces at 
the Leningrad and Kazakh plants were to be started during the Fourth 
Five Year Plan period, although they were not scheduled for completion 
within its limits. However, it may be indicative of the low priority as- 
signed to new construction that two years passed after the initial an- 
nouncement of the Fourth Five Year Plan before it was hopefully 
announced that construction of these furnaces would probably begin in 
1948. If we combine the new and the reconstructed furnaces, we find 
that after three years (at the beginning of 1949) only fourteen of the 
forty-five furnaces had come into operation, and that in terms of com- 
bined capacity the plan was one-third completed. 

Table 13 shows the capacity of both new and reconstructed blast 
furnaces blown in during the decade 1939-1948. Here the pattern that 
common sense would anticipate emerges clearly. From 1944 on, the 
completion of new blast furnaces virtually disappears, freeing resources 


TABLE 13 


NUMBER AND CAPACITY OF BLAST FURNACES GOING 
INTO OPERATION, 1939-1948 


Number of furnaces Capacity of furnaces (m?) 

New Reconstructed Total New Reconstructed Total 
1939 1 — 1 1,300 — 1,300 
1940 5 = 5 5,500 — 5,500 
1941 3 — 3 1,750 . 1,750 
1942 1 — 1 1,371 " 1,371 
1943 4 5 9 3,160 2,089 5,249 
1944 2 10 12 1,205 5,857 7,062 
1945 1 6 7 1,000 3,943 4,943 
1916 1 4 5 1,300 3,783 5,083 
1947 I 3 4 200 2,960 3,160 
1948 -— 5 5 — 4,915 4,945 


° During 1941—42 the Russians lost 44,735 m? of blast furnace capacity. This figure has been 
calculated from tnbles in M. A. Pavlov, Metallurgiia chuguna, chast’ 1H, domennaia pech' (Mos- 
cow, 1947), pp. 128-181, nnd includes the lwo furnaces at Novo-Lipetsk. 

Source: Sec Appendix E. 


56 THE ECONOMICS OF SOVIET STEEL 


for the big job of reconstruction. The banner year for reconstruction was 
1944, when nearly 6,000 meters of the more easily reparable capacity was 
put into operation. The total tapers off from 1945 to 1947, as the larger 
and more difficult repair jobs were begun. In 1948, with the rebuilding 
of five big furnaces, the total began to pick up again, and in view of 
the six years of preparation one would expect a much better showing 
in 1949. Unfortunately, we do not know how many furnaces actually 
were finished in 1949. Saburov reported that eighteen came into opcra- 
tion during the four years from 1950 through 1953. This is less than I 
would have expected. 


Discarding current ruble values as unreliable, and taking together 
the other three measures of investment, we can assume the following 
outline for the period 1928-1938: current investment in iron and steel 
plants rose at an extremely fast rate until 1932 and declined thereafter 
just as rapidly. The weight of the investment was thrown into the basic 
production of pig iron and then was shifted to the manufacture of steel 
and its shaping by rolling mills. Because of the long period of time 
necessary for completion and adjustment, the heavy equipment came 
into operation one or two years later. The relative share of the iron and 
steel industry in total investment declined drastically after 1934, and 
the industry's share of structural steel fell steadily from 1932 through 
1938. 

The year 1939 witnessed the absolute low point in construction re- 
sults for the entire twenty-one year period from 1928 to 1948, but it was 
followed by solid improvement in 1940 and 1941. The chaotic conditions 
in 1942 account for another lull, followed by half a dozen years of 
intense activity. Considering the strains that war placed on the Soviet 
economy, the rate of investment from 1943 through 1948 was remark- 
ably high, and the goals Soviet planners set for themselves were even 
more ambitious; but considered strictly in terms of results, these years 
fail to meet the pace set in the heydays of 1932-1934. 

The relatively small number of blast furnaces blown in during 1950- 
1953 might conceivably reflect the effects of the Malenkov emphasis on 
the expansion of consumer goods and agriculture. Whatever the cause, 
the capital investment program was clearly behind schedule by 1954. 
On April 18 Pravda berated the Ministry of Construction for its glaring 
failure to carry out planned construction work in the iron and steel in- 
dustry during the first quarter of the year. The charge was repeated in a 
scathing editorial on August 10. The Gosplan report on performance of 
the national economy during 1954 found "extremely significant the non- 
fulfillment of the capital construction plan of the Ministry of Iron and 
Steel of the USSR." In a speech before the Supreme Soviet, reported on 
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February 8, 1955, the Minister of Iron and Steel stated that the failure 
to satisfy the demand for steel was in part due to the lag in capital con- 
struction, and that although the Fifth Five Year Plan called for the 
investment of 70 per cent more in the industry than had been invested 
from 1946 to 1950, the construction timetable was not being met. “If 
one were to ask what is now the most important problem of the iron 
and steel industry, there could be only one answer . . . to overcome the 
lag in capital construction." 2° 


Part Two 


PROBLEMS OF 
SPECIALIZATION AND SCALE 


cHAPTER 4 


The Scale of Open-Hearth and Blast Furnaces 


The particular problem of Part II is specialization and scale of pro- 
duction, or the size of steel plant and equipment. Specialization and 
scale are two aspects of the same problem: how big was the USSR to 
build its iron and steel plants? At face value, the problem seems to be 
simply a question of technical efficiency, but it is much more com- 
plicated. The answer to this apparently simple problem determined a 
complex pattern of economic development. 


Soviet Theory of Specialization and Scale 


In planning the expansion of their iron and steel industry, the Rus- 
sians had before them the German and American iron and steel indus- 
tries as alternative possible models. In comparing German with Amer- 
ican technical experience, the Soviet planners noted that the German 
blast furnaces required highly qualified and skilled-labor crews to 
operate them, whereas in the United States, as a result of high wages 
(an un-Marxian admission), there was a tendency to “stretch out” the 
expensive skilled labor by the use of large-scale equipment and by the 
substitution of semi- and unskilled labor. Furthermore, in the United 
States, with its relatively abundant capital and expensive skilled labor, 
the technical trend was toward blast furnaces of greater size. In Ger- 
many, on the other hand, the lack of domestic capital funds forced 
concentration on better integration of fixed plant, better preparation of 
the mix, and rationalization of the productive process itself. In consider- 
ing the alternatives, the Russian planners seem to have concluded that 
“in the sector of new construction we must follow the American way.” 
Indeed on one occasion, failure to copy the latest American techniques 
was so serious as to be considered a crime against the state (see Chap- 
ter 6). 

Having decided to follow American leadership, the Russians clearly 
recognized our trend toward large-scale production. “The basic peculiarity 
of American metallurgy is the tendency to work in aggregates of large 
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capacity . . . Between 1913 and 1929 the average annual productivity 
of blast furnaces in the United States rose by 80 per cent, and of open- 
hearths by Go per cent."! Veingarten claimed that 89 per cent of the 
open-hearths built in the United States from 1926 to 1930 were of 100- 
ton capacity or more, and that the horsepower utilized per worker rose 
by 26 per cent between 1914 and 1927. 3 e: 

From the point of view of technical efficiency in producing iron and 
steel, the Russian decision to follow the American example in designing 
new iron and steel plants appeared to be good bourgeois economic logic, 
except for the implied analogy between the American and Russian supz 
plies of capital. However, there were a number of differences betwen 
the American and the Soviet situation that the planners did not take into 
account. It will be shown in this and the following chapters that in 
deciding to rely on American precedents for deciding questions of scale, 
the Soviet planners ignored or underestimated the law of diminishing: 
returns, the costs of transportation, and the needs and problems of the 
consumer. 

The authors of the well-known Ekonomika sotsialisticheskoi promy- 
shlennosti (Economics of Socialist Industry), in discussing the problem 
of planning the size of plants to be constructed, pause long enough to 
"demolish" the bourgeois theory of the optimal size of a firm. In so doing 
they reveal a special reason for communist antipathy to this particular 
economic theory: “Bourgeois economists, nevertheless, continue to main- 
tain that increase in the size of the firm beyond certain limits, that CN 
beyond the ‘optimal’ size, leads to a fall in profits. Thence they come ffo - 
conclusions about limits upon the process of concentration anë 
falsity of Marx's predictions about the concentration of production v 
capitalism." ? As an example of the insidious influence of such bourg, 
theories, the authors mention in particular that “in the trial of the comn- 
terrevolutionary organization of Mensheviks (1931) it was brought out 
that the wrecker, Ginzburg, in his conclusions about the plan of the 
Magnitogorsk and Kuznetsk works consciously underestimated the prac- 
tical possibility of devcloping these structures.” 

Soviet as well as “bourgeois” economists customarily distinguish be- 
tween costs of transportation and costs of production. From the national- 
economic point of view, however, this distinction is unimportant. Moving 
coke from an oven to an adjacent blast furnace or shoveling coal from a 
bin into a furnace are unquestionably integral parts of the process of pro- 
duction. These movements, nevertheless, do not differ in kind from 
hauling coal cars 1,500 miles from Kuznetsk to Magnitogorsk. The opera- 
tional significance of the distinction is found in the institutional fact 
that customarily (under both socialism and capitalism) transport and 
productive services are provided by different administrative units or 
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business firms. This institutional arrangement accounts somewhat for the 
Jack of attention paid to transport problems by the planners who set up 
the plants to produce iron and steel, They are employed by the iron and 
steel industry rather than by the railroad industry. 

The same situation is true, in part, for the lack of consideration (in 


"uftory and in practice) of the needs of consumers of iron and steel 


products, The consumers are administratively employed by other indus- 
tries, such as machine-building. These points must be kept in mind when 
one tries to understand why the Russians underestimated the role of 
transport and of the consumer market when they decided how large to 
buiN and where to locate their new iron and steel plants? 

“The three basic types of iron and steel mill production equipment 
are blast furnaces, open-hearth furnaces, and rolling mills. The discus- 
sion that follows will describe the increasing specialization and size of 


¿this equipment, as well as the growth of iron and steel plants as pro- 


ducing units. It will also attempt to indicate some of the reasons for this 
Dae in scale during the first two Five Year Plans. As we shall see, 
the trend was reversed in 1938.! 


Blast Furnaces 


A In 1913 Russian blast furnaces were small-scale affairs by American 
standards. (See Table 14.) The charcoal furnaces of the Urals, then as 
Now, were very small, rarely exceeding 200 cubic meters, because of the 
_friability of charcoal under the pressure of a large blast furnace. With 
€ exception, all the large blast furnaces were located in the Ukraine 
id used the less friable coke (see Table 14). Only 8 per cent of the 


"iditherm furnaces had a capacity of less than 300 cubic meters. On the 


other hand, the only really large furnace was one of 650 cubic meters, at 


TABLE 14 
DISTRIBUTION OF RUSSIAN BLAST FURNACES, 
BY SIZE, 1913 


All Russia Southern Russia 

No. of Per cent No. of Per cent 

Capacity (m?) furnaces of total furnaces of total 
WU storBOO is us setenta e 125 73.2 4 8.2 
301—100.... E Vi 23 13.4 22 44.9 
AOU BOOK E A EARTE st opes 18 10.5 18 36.7 
DO TS GDU: os ipaa es ate ac 4 2.3 4 8.2 
GOyvor:000 ernie aria qe 1 0.6 1 2.0 
Od E vad coro dee 171 100.0 49 100.0 


Source: S. M. Veingarten, Ekonomika i planirovaniia chernoi metallurgii SSSR (Moscow, 
1939), p. 46. 
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the Enakievo works. The relatively small size of furnaces in tsarist 
Russia can be seen by the following international comparison, which. 
shows the average output of one blast furnace in each of the regions 
mentioned: all Russia, 30,200 tons; southern Russia, 63,300 tons; Ger- 
many, 53,670 tons; the United States, 125,600 tons. All figures are based 
on 1913 statistics except the United States tonnage, which is based on 
1914. It is interesting to note that the Ukrainian coke furnaces, although 
only half the size of their American counterparts, were nevertheless 
larger than the average German furnace. 

The Russians had shifted their attention from European to American 
blast-furnace technique even before the Revolution. A leading proponent 
of American technique was M. A. Pavlov, a tsarist engineer who stayed 
on after the revolution and became the most influential Soviet metal- 
lurgical engineer. In 1896 Pavlov was sent by his steel company to 
study American blast-furnace technique, and in his memoirs he recalls 
that “the visit to America is reflected in all my subsequent work. I be- 
came a partisan and propagandist of American construction and Ameri- 
can processes of blast-furnace smelting, first as a construction engineer 
in the Sulin works, later as a professor, in my atlas (1902), in journal 
articles, books, and finally in lectures over the course of decades.” © 

In the time that elapsed between 1914 and the advent of the Five 
Year Plans, Soviet engineers cast envious eyes as the American blast 
furnaces grew bigger than ever. Pavlov did not fail to observe that, to- 
wards the end of 1918, Furnace No. 6 at the Aliquipa Works of the 
Jones and Laughlin Company was blown in, with a useful capacity of 
goo cubic meters. It was the first blast furnace in the history of pig iron 
production to produce an annual average of 1,000 tons per day. Then 
the same works built an even bigger furnace, No. 3, with a capacity of 
1,185 cubic meters, although this one was not blown in on its completion 
in 1929, because of the depression. Pavlov claimed that by 1930 there 
were about ten 1,000-tonners in the United States, most of them old re- 
constructed furnaces.? 

During the Soviet restoration period (1921-1928), the larger furnaces 
were chosen for renovation and many of the smaller ones placed in 
reserve or torn down, with the result that between 1913 and 1928 the 
average capacity of those in operation rose from igo to 290 cubic 
meters.? The restoration period also witnessed the construction of seven 
small new coke blast furnaces (see Appendix E). After 1924 Nizhnii 
Tagil and Nizhniaia Salda shifted from charcoal to Siberian coke, and 
two new small furnaces were built in each plant, limited in size by the 
available space and by the location of the old shops. These four ranged 
in capacity from 258 to 371 cubic meters. A fifth very small furnace 
(257 cubic meters) was built at Chusovoi. In addition, two new furnaces 
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were built at Dzerzhinsk, somewhat larger in size: 556 and 586 cubic 
meters. These seven furnaces are almost never mentioned in Soviet 
technical or metallurgical literature. Perhaps the Soviets are ashamed of 
these first attempts, which certainly look like pygmies beside the giants 
built during the Five Year Plans. 

By 1928 in the south the prewar pig iron output had been attained 
with the old equipment, so the Russians began to plan new blast fur- 
naces, Even before that, however, in 1925, the Construction Bureau of 
the Makeevka works had already planned Furnace No. 4 with the large 
capacity of 842 cubic meters, using an American system of mechanical 
loading. 

About the time of the first new furnace at Makeevka, the State In- 
stitute for Planning Iron and Steel Works (Gipromez) was formed. The 
Russians admittedly made the mistake of basing the first plans for 
Magnitogorsk, Kuznetsk, Krivoi Rog, and other new plants primarily on 
French and Belgian models. Then, allegedly at Stalin's insistence, they 
shifted over to larger-scale planning based on American designs. With 
the Freyn Engineering firm of Chicago as consultants, Gipromez 
planned the first of three basic standardized types of blast furnaces. This 
first type was to be bigger than the first three furnaces at Makeevka, 
having a useful capacity of 930-1,000 cubic meters and a nominal output 
of 1,000 tons or more per day. Twenty-two furnaces of this type were 
eventually built? This first type did not, however, rule out experimenta- 
tion with even bigger furnaces — for example, the first two at Magnito- 
gorsk, which were built with almost 1,200 cubic meters' capacity. Gipro- 
mez, of course, made detailed estimates of the costs of constructing 
different-size furnaces, which supported their decision in favor of large- 
scale ones. An example of the results of one study are given in Table 
15. After studies of the costs of construction were completed, the econ- 
omies of scale were estimated by detailed calculations of costs per unit 
of output. 

Following the plans of the McKee firm of Cleveland, Ohio, Gipromez 
devised a second basic type of blast furnace during 1935-36. Furnace 
No. 4 at Magnitogorsk, of 1,180 cubic meters, and Nos. 3 and 4 at 
Kuznetsk, of 1,163 cubic meters were of this type. The result, according 
to Soviet estimates, was that large furnaces over 800 cubic meters played 
a relatively more important part in 1936 in the USSR than they played 
in the United States and Germany. The Soviet figures are 20 per cent, 
12 per cent, and 3 per cent, respectively.!! 

The Russians claimed' that the third Gipromez type, developed at 
the end of 1937, had no equal in the world. Furnaces of this type had 
a capacity of 1,300 cubic meters. Five of them were completed by June 
1941, and two more were built during the war at Magnitogorsk. These 
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TABLE 15 
COST OF CONSTRUCTION AND OF PIG IRON 
IN FURNACES OF VARIOUS SIZES 


Capacity Cost of furnace installed Index of cost per ton of 
dm») E (million rubles) pig iron 
TOU. oes en den rete o ERR 6.77 100 
930. 6.98 T 
1000........ 7.25 75 
1180. 8.20 12 
1300. 8.75 70 


Source: S. M. Veingarten, Ekonomika i planirovaniia chernoi metallurgit SSSR (Moscow, 
1939), p. 195. It is interesting to note that hy 1939, when these figures were published, there 
was much more detailed discussion of the limits to economical size, such as the top, the capacity 
of the blowers, the friability of the coke, and so on. For detailed cost calculations for various size 
furnaces sce S. M. Veingarten, Ocherkii ckonomiki sovctskoi chernoi metallurgii (Leningrad, 


1933). p. 113. 


gigantic furnaces were built on the initiative of the Russians themselves 
for, as Pavlov points out, both American firms — Freyn and McKee — 
advised them not to build their furnaces too large. The American engi- 
neers gave good reasons for their opinion, holding that the Soviets 
lacked both trained personnel and adequate maintenance facilities. Fur- 
thermore, the Americans advised that uncertain ore supplies not previ- 
ously used in large furnaces and transport and seasonal difficulties would 
lead to discontinuity of material movement and consequent danger of 
shutdowns. This danger was particularly serious in the Soviet plants 
where a high proportion of the open-hearth charge had to be hot pig 
iron. 

All of the big furnaces blown in during 1938-1941 had been designed 
and started during the Second Five Year Plan. The three new plants to 
be started during the Third Five Year Plan did not even bear a family 
resemblance to the earlier giants, and were much smaller than any of 
the three standard designs. The furnaces at Khalilovo were to be 600 
cubic meters for an annual plant production of 200,000 to 250,000 tons. 
Amurstal' in the Far East was also to have 600-cubic-meter furnaces and 
produce 450,000 tons a year. At Petrovsk-Zabaikalskii the plan called 
for two tiny furnaces of 225 cubic meters, with an annual production of 
no more than 150,000 to 160,000 tons of pig iron. 

During the Second World War new plants were built and new 
equipment installed in existing plants, but wartime pressure permitted 
neither the design of new blast furnaces, open-hearths, and rolling mills 
nor the leeway necessary for new experimentation to see how well they 
might operate. The Soviet designs admittedly lagged behind the rapid 
technological developments occurring in other countries.!2 The fifth and 
sixth furnaces at Magnitogorsk were built and blown in during 1942 and 
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1943 on the third basic design. Slight modifications in the height and 
diameter of No, 5 increased its capacity to 1,371 cubic meters instead of 
the standard 1,300, which was adopted again for No. 6.13 In most cases 
of wartime construction the first basic design of 1,000 cubic meters was 
chosen instead of the third type of 1,300 cubic meters, Three furnaces 
of the first type were built and blown in during the war at Novo-Tagil 
and Cheliabinsk. The war also saw the design, the building, and the 
blowing in of another medium-size furnace at Chusovoi, on the standard 
Goo-cubic-meter design that was developed during the Third Five Year 
Plan as a reaction to the previous preoccupation with the three giant 
types. 

Wartime pressures forced the Soviets to turn back the clock to the 
nineteenth century and build new charcoal blast furnaces for the first 
time. The reasons for this novel step will be explained in subsequent 
chapters; they are mainly concerned with the depletion of ore reserves 
in the proximity of coking-coal deposits, the growing shortage of such 
deposits, transport difficulties, and increasing demand for high-quality 
steel. Of interest here is the miniature size of the charcoal furnaces. As 
every picknicker well knows, wood charcoal is easily crushed. Under 
the weight of a blast-furnace charge it breaks up easily into small parti- 
cles, thus choking the furnace. Therefore, the useful height of a charcoal 
blast furnace never exceeds 18.5 meters, compared to 32.5 meters at- 
tained by their coke-burning counterparts. In 1943, 1944, and 1945 three 
of the world’s biggest charcoal blast furnaces were blown in at the 
ancient works in the Urals, but they did not exceed 205 cubic meters’ 
capacity. 

The size at which existing furnaces were to be reconstructed after 
the Second World War raised questions that differed in many respects 
from those involved in the construction of new equipment and new 
plants. In the first instance, the decision whether or not to enlarge the 
furnaces while reconstructing them depended on the degree of damage 
inflicted by the Germans. As we have already explained, the first series 
of furnaces rebuilt were those least damaged, and understandably they 
were repaired in rather close conformance with their original design. 
Many of those repaired in the later phases of reconstruction, however, 
were enlarged when they were rebuilt. There were numerous cases in 
which enlargement was feasible, because the overwhelming majority of 
blast furnaces destroyed by the Germans had been originally designed 
and built before the revolution. 

A few examples will illustrate the tendency to enlarge furnaces dur- 
ing reconstruction. At the Petrovsk works in 1940 there were five fur- 
naces with capacities ranging from-440 to 688 cubic meters. The plans 
for their reconstruction called for modernizing and enlarging all five to 
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a new uniform size not smaller than the largest of the old furnaces. 
Accordingly, we find that the biggest furnace, No. 5, of 688 cubic meters, 
required no enlargement and was reconstructed first, in September 1944. 
The next furnace was blown in thirteen months later. It had to be en- 
larged slightly from its original size of 643 cubic meters. None of the 
others, all of which required enlargement, had been finished as late as 
December 1948.14 At the Dzerzhinsk works, two out of six furnaces were 
of the first basic type built before the war (Nos. 7 and 8, of 972 and 937 
cubic meters respectively). According to the plan for reconstruction, 
their over-all height was to remain unchanged, but their shape was to 
be modified to increase their useful capacity to 1,100 cubic meters. The 
abandonment of this plan in the case of No. 7 permitted it to be blown 
in by June 1946. The plan for expanding No. 8, however, was followed, 
with the result that its reconstruction was still uncompleted at the end 
of 1948. The Kuznetsk plant in western Siberia was, of course, un- 
touched by the war; but when in 1946 it was necessary to shut down 
Furnace No. 1 for capital repairs, this opportunity was taken to enlarge 
its capacity from 822 to 1,164 cubic meters. The job was completed in 
the remarkably short time of seventy-five days.!5 

By 1947 the designs used for new blast furnaces had been pared 
down to only three types, with capacities of Goo, 1,000 and 1,300 cubic 
meters, all of which had been worked out before the war. The 1,300- 
cubic-meter type is commonly referred to in the Soviet press as the 
largest in the world. Whether it really is the largest apparently depends 
on a fine point in the definition of useful capacity. The continued interest 
in American types as basic models is shown in an article written by N. 
Leonidov in 1947, which outlines the historical development of Amer- 
ican blast furnaces and concludes with several pages of tables giving 
the basic characteristics of what Leonidov believed to be every blast 
furnace in the United States at the end of World War II. He took the 
trouble of converting our measurements into the metric system and 
calculating the “capacity” of each furnace. The largest furnace in the 
USSR is, of course, No. 5 at Magnitogorsk, with 1,371 cubic meters’ use- 
ful capacity. According to Leonidov’s calculations, there were actually 
two American furnaces bigger than this, Nos. 1 and 2 of the Carnegie- 
Illinois Steel Corporation at Braddock, Pennsylvania, built in 1943.!^ 

With the end of the war, interest again rose in designing new types 
of blast furnaces. Wartime experience with the two giant furnaces at 
Magnitogorsk had been heartening; under war pressure and by utilizing 
excellent quality ore (59 per cent iron content on the average), the two 
furnaces put on a remarkable performance. Furnace No. 5 far exceeded 
the world's record output (see Chapter 15). So we learn that the 1946 
conference of blast furnace operators approved the latest Gipromez 
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plan to build furnaces with a useful capacity of 1,500 cubic meters. Such 
a furnace, were it performing as well as the best Soviet furnaces, would 
turn out 2,500 metric tons a dayl It is not inconceivable that a few such 
showpieces might someday be built, but for several reasons they are 
most unlikely to become the basic type of new furnace in the foresee- 
able future." Among these reasons is the rapidly deteriorating quality 
of Soviet iron ores and coking coals, which will be dealt with in some 
detail in Chapters 8 and 9. The increasing friability of Soviet coke, 
which is caused by the rapid exhaustion of the better types of coals 
needed to make good, strong coke, is an important factor limiting the 
size of future designs for furnaces. Poor coke is analogous to charcoal 
in that under the tremendous weight of the charge in a giant blast 
furnace, it breaks down into powder and impedes the smelting opera- 
tion. For this and other reasons the best coke has to be reserved for the 
big blast furnaces. The small furnaces are able to utilize much lower 
grades of coke. 

The same is true of low-grade iron ore. At this point one example will 
have to suffice. The ores of the Tagil-Kushva region of the Urals con- 
tain much alumina. For over one hundred years these ores caused no 
breakdowns, and the tiny furnaces at Kushva and Nizhnii Tagil still 
operate normally with them. However, in the big new blast furnaces at 
Novo-Tagil the alumina interrupts operations, raises coke consumption, 
and lowers productivity. Other ores are required as a supplement. The 
nearby Alapaevsk ores, low in alumina, were tried, but they are high in 
silica and cannot be used effectively in the big furnaces. Soviet writers 
now confirm the truth of the earlier warnings given to them by Amer- 
ican engineers: resorting to poorer ores makes the operation of the big 
furnaces more difficult.!? In the short run Soviet plant managers are able 
to push their big furnaces to new records of intensity and to meet the 
immediate demands for large quantities of pig iron, but in the long run 
the building of big furnaces makes the utilization of poor ore and coke 
more difficult. 

In view of these difficulties it is not surprising to note the Soviet 
interest in the German experience since 1933 with the use of oxygen in 
low-shaft blast furnaces. These German furnaces are squat affairs, only 
one-fifth as high as the big Soviet furnaces. They are specially designed 
to operate well on a mix of friable coke and poor-quality ores, and have 
the further virtue of requiring much less capital investment.!? 

Although the Russians are unlikely to build many blast furnaces big- 
ger than their prewar prototypes, the average size of their furnaces is 
constantly increasing. As of July 1, 1941, at the outbreak of the Russo- 
German war, 31 per cent of Soviet blast furnaces had a capacity of 
1,000 cubic meters or more, while 51 per cent had that capacity as of 
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January 1, 1951.?? This increase is a reitlt of f fhe policy of enlarging the 
badly damaged furnaces and shows that a‘mumber of the larger type 
of furnaces have been built since 1941. Yn other words, the figure of 51 
per cent indicates the relative modernity of the majority of Soviet fur- 
naces. 


Open-Hearth Furnaces 


The same tendency toward large Sale appears in Soviet construction 
of the second basic type of steel mill equipment, the open-hearth fur- 
nace. In 1913 in all Russia there were about 260 open-hearth furnaces, 
mainly of German design. Their average capacity was only 25 to 30 
tons, and the largest was 65 to 75 tons. After 1913 the Russians gradually 
shifted to the use of American models, and experience confirmed the 
wisdom of this shift: “High productivity in the new open-hearths was 
attained thanks to the well-known preéminence of the works of Amer- 
ican design.” 74 

Very little new eeastecetan ‘Ms planned or carried out during the 
restoration period (1921-1928). However, the first duplex shop, which 
was to have three 250-ton open-hearths, was planned for Makeevka 
under the aegis of Gipromez by the American firm of Perin and Marshall, 
and in 1928 the well-known American Brassert firm planned another 
open-hearth shop for Makeevka, with 125-ton furnaces.?? Freyn engi- 
neers in 1929 helped Gipromez plan its first standard type, of 150 tons, 
which was installed at Makeevka and Zaporozh'e. Freyn originally de- 
signed fifteen 100-ton open-hearths for Kuznetsk. This design was en- 
larged by the Russians to 150 tons before the furnaces were built. 
Twelve more of the same models were installed at Magnitogorsk. For 
the new plant at Azovstal the Russians considered one German and 
several American designs — finally adopting a mixture of both German 
and American, They then proceeded to overload the furnaces, up to 350 
tons each. The medium-size open-hearths were usually German, as, for 
example, the 100-ton furnaces for Novo-Tagil. 

Thé decision to build these large open-hearth furnaces was moti- 
vated by anticipated cost savings. One Soviet source gives detailed cost 
calculations that show a reduction in the cost of producing a ton of steel 
from 12.09 rubles in a 60-ton furnace to 10.33 rubles in a 100-ton furnace, 
to 8.76 rubles in a 150-ton furnace, and to 8.10 rubles in a 300-ton fur- 
nace. The savings to be achieved by increasing the size of the open- 
hearth furnace were also illustrated by the experience of the Red Octo- 
ber works, where in 1932 it cost 8 rbbles more to make a ton of steel 
in a 25-ton furnace than in a 50-ton furnace, and an additional premium 
of 4 rubles per ton to make it in a gton furnace. These figures taken 
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together are a classic illustration of the "envelope curve” of economic 
theory: costs fall steadily «as the-size of the furnaces increascs.?! 

What were the results of Russian planning with the aid of American 
and German consultants? The floor space in the average new open- 
hearth furnace constructed is as follows: 1429, 35.4 square meters; 1930, 
27.4 square meters; 1931, 31.2 square meters; 1932, 29.7 square meters; 
1933. 44.5 square meters; 1934, 43.4 square meters; 1935, 44.5 square 
meters; 1936, 36.8 square meters; 1937, 37.1 square meters. The average 
size of the open-hearth furnaces installed, however, is of limited reliabil- 
ity as an indication of Soviet technique in any given year, because it 
includes many small furnaces installed in machine-building plants. When 
the number of open-hearth furnaces built in such plants increases rela- 
tive to that installed in iron and steel works, the average size decreases, 
and vice versa. The statistics given by Bardin and Bannyi apparently 
do not include the small furnaces installed in machine-building plants. 
This source gives the average floor space in square meters of new fur- 
naces as follows: 1930, 21.5; 1931, m40.0; 1932, 42.0; 1933, 54.2; 1934, 
59.8; 1935, 50.0; 1936, 60.8; 1938, 52-0; 1939, 60.0.?* As a result of the 
construction program during the first two Five Year Plans, the number 
of furnaces with a capacity excecding 100 tons rose from four in 1930 
to forty-eight in January 1937, putting Russia ahead of Germany in 
that regard.” 

This increase in scale took place all over the world at the same time, 
as the Russians were careful to note. In the United States the percentage 
of furnaces of over 100-ton capacity was 28.2 in 1929 and rose to 34.0 
in 1935 and 71.5 per cent in 1942. At the very time, however, that the 
Russians discarded their foreign advisers, the American designers ap- 
parently decided that 235 tons was the limit to optimum size. The num- 
ber of stationary furnaces above that limit in the United States fell from 
twenly-one in 1938 to six in 1942, and in 1945-46 several 235-ton fur- 
naces were reconstructed to reduce them to 205 tons. In contrast, the 
number of Soviet furnaces with capacities over 235 tons rose from 
twenty-two at the outbreak of the Second World War to mote than 
thirty in 1947. Between July 1, 1941, and Januáry 1, 1951, the percentage 
of open-hearths of over 200-ton capacity in plants of the ministry rose 
from 28 to 36.76 

Bardin notes that in addition to certain technical limits, the optimum 
size of open-hearths in the United States was smaller because of "social- 
economic factors, in particular the necessity for quick changes in the 
course of the business cycle." Bardin fails to recognize, however, that it 
was precisely this lack of adaptability that caused the Soviet economy 
no end of trouble. The continual attempt of Soviet managers to reduce 
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overhead production costs in their large plants resulted in neglect of the 
consuming industries and in the overburdening of the Russian transport 
system. 

The departure of foreign consultants took the wraps off the imagina- 
tions of Soviet designers. A professor and two Soviet engineers wrote a 
joint article to advocate the construction of 500-fon open-hearth fur- 
naces, each one of which would produce 400,000 tons of steel a year — 
more than any entire Russian steel mill produced in 1928. The journal 
in which the article appeared, however, disapproved of the idea, partly 
because it would be too difficult to integrate the operation of such giant 
furnaces with rolling mills.” 

Not all of the recently designed Soviet furnaces are gigantic. After 
the loss of the south during World War II, there was an acute shortage 
of steel ingots for rolling in the Urals region, so one additional open- 
hearth furnace was added to each of the existing open-hearth shops of 
the small steel plants. Because it was impossible to install standard 
furnaces, new ones were designed to fit in with the 35-ton to 80-ton 
furnaces already in place. This measure proved very efficacious, espe- 
cially since the capital investment in rubles per ton of new capacity 
was much less than it would have been with big standard designs. Dur- 
ing the war, as a general rule the 185-ton furnace was considered to be 
of the largest size feasible for installation, even where there were no 
limitations of the kind just described. Where the quality of the steel was 
important, 130-ton furnaces were chosen in preference to 185-ton fur- 
naces. 

As in the case of blast furnaces, open-hearths in liberated regions 
were often enlarged during reconstruction. Furthermore, open-hearths 
have to be shut down for capital repairs oftener than blast furnaces, and 
on such occasions existing furnaces are frequently enlarged. For exam- 
ple, a number of 150-ton furnaces were initially installed at Kuznetsk 
in the early thirties. If their hearths were deepened, they could be made 
to operate with 190-ton charges, but further increases required complete 
reconstruction and widening the area of the furnace floor. Therefore in 
1944-45 plans were made for enlargement, and the capacity of these 
furnaces was more than doubled — from 150 to 350 tons. Three-hundred- 
ton furnaces were similarly enlarged to 350 tons. According to Gregory 
Nosov, the director of the Magnitogorsk combine, research carried on 
in 1947-48 indicated that steel from these big furnaces was no lower in 
quality than that produced from small furnaces (this contradicts Amer- 
ican experience); hence enlargement of old and building of new big 
furnaces became an “overriding task.” 28 

To the best of our knowledge, the 350-ton furnaces at Magnitogorsk, 
Kuznetsk, Azovstal’, and Makeevka are the largest open-hearths in the 
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Soviet Union — and, for that matter, the largest stationary furnaces in 
the world. But Soviet designers have again become restive. No less an 
authority than Bardin gives the impression that Soviet open-hearth shops 
are being built with 450-ton furnaces. A conference in 1947 at Magnito- 
gorsk talked of building 400- and 5oo-tonners, and a conference in 1948 
studied Gipromez plans for them. A prominent Communist Party func- 
tionary took the Ministry of Metallurgy to task in September 1949 for 
not having approved such projects. The ministry's failure to see the vir- 
tues of such furnaces he attributes to blind conservatism! 2° 


CHAPTER 5 


Specialization of Rolling Mills and Size 
of Steel Plants 


The most specialized shop in a steel plant is the rolling mill. The 
same blast furnace can make almost every imaginable type of pig iron, 
and this is true, to a slightly less extent, of steel converters and steel 
furnaces. On the other hand, the thousands of different rolled products 
all require special sets of rolls. Only a limited range of rolls can be 
used in a given rolling stand or mill, so that there are dozens of types 
of rolling-mill machines, each one usually requiring a different plant 
layout. 

It was in the planning of rolling mills that the Soviet economists and 
engineers made their most serious mistakes. It was here that their dis- 
regard of the law of diminishing returns, of the problems of transport, 
and of needs of the steel consumers had the most far-reaching con- 
sequences for the functioning of the national economy. Before the revo- 
lution, Russian rolling mills were predominantly small-scale and diversi- 
fied, to satisfy the needs of a small and fluctuating metal market. In 
vertically integrated works this meant that the rolling mills had to have 
many different machines, a large percentage of which remained idle a 
good bit of the time. The maximum utilization in the best prewar year 
was 70 per cent of rolling capacity. The Soviet government tried hard to 
reduce this apparent waste, with but little success, right through the 
First Five Year Plan.! 

During the beginning and middle of the restoration period, these 
small merchant mills were able to meet the demands of the reviving light 
industry. Toward the end of the restoration, however, emphasis shifted 
toward heavy industry. The growth of demand from machine building 
could be met (from the point of view of the iron and steel industry) 
most efficiently by the adoption of modern American rolling methods, 
such as blooming and slabbing and the use of continuous mills. The 
Sovict Union's first new rolling mill was constructed at the Electrostal 
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works in 1927. The few mills installed during the First Five Year Plan 
were not the last word in American technique. Most of the new rolling- 
mill equipment was not installed until the Second Five Year Plan, but 
even before any new mills could be built the tendency toward specializa- 
tion appeared. During 1927 an effort was made to cut down the wide 
assortment of rolled products produced in each plant. Existing mills were 
specialized by concentrating the production of certain products in a 
few mills. The rolling of railroad rails, for example, was concentrated in 
six works.? 

The large-scale rolling mills installed by the Russians consist of four 
main types: blooming mills, pipe mills, rai] mills, and sheet mills. We 
shall consider each in turn. 
Blooming Mills : 

The widespread introduction of blooming completely changed the 
face of Soviet rolling mills. From pre-revolutionary times to 1932 it 
was the general practice in Russia to roll billets directly from open- 
hearth ingots. Billet mills make small semifinished products and utilize 
ingots of very small size, the typical ingot weighing only five to nine 
tons. It is very inefficient and costly to cast ingots in sizes small enough 
to be utilized directly by a billet mill. 

The main function of blooming is to reduce large ingots to a bloom 
of size usable by billet and other finishing mills. Hence blooming permits 
the economies that result from the use of large-scale open-hearth fur- 
naces. Big bloomeries mean that large open-hearth furnaces and big, 
centralized open-hearth shops can operate. Without a bloomery, each 
ingot has to be cast to fit each different roll diameter in the finishing 
mill. The planners of Gipromez figured that, all told, the use of blooming 
cut rolling costs by more than 6 rubles per ton, but this figure presup- 
poses full utilization of the expensive blooming equipment. "If the 
blooming mill is loaded only 85 per cent, the costs rise to those without 
blooming, and, consequently, blooming will not give the economic effect 
it ought to give. The use of blooming in the iron and steel industry pre- 
supposes large-scale production of metal.” 3 The Russians conceived their 
task to be one of choosing the optimum size of the blooming mill and 
then building the rest of the rolling plan around it. All the new rolling 
mills were built with big bloomeries. 

Before 1914 there were no large bloomeries in Russia. The largest 
had a capacity of less than 200,000 tons of ingots. On October 1, 1928, 
there were four blooming mills in operation. (Scattered evidence indi- 
cates that they were probably located in Dzerzhinsk, Stalino, Petrovsk, 
and either Makeevka or Voroshilov.) This small number was due not 
merely to technical backwardness but in part to the limited, small, pro- 
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tected, domestic market. Tsarist entrepreneurs could not afford to build 
mills too big for their market. Soviet economists continually prided 
themselves on being free of such market restrictions; and at the same 
time they realized that large-scale blooming mills could develop in the 
United States precisely because of the unlimited American market. The 
Soviet economists failed to realize, however, that the absence of a rela- 
tively dense and compact Russian market meant that added costs of 
transportation might more than offset large-scale economies in costs of 
production.“ 

November 8, 1932, was a landmark in Soviet industrial development. 
The first big modern rolling mill, an imported American 1,150-millimeter 
blooming mill, began operations at the Kuznetsk iron and steel works.’ 
Three similar blooming mills were installed in the following months: 
at the Kirov works on June 1, at Dzerzhinsk on June 15, and at Magnito- 
gorsk on August 12, 1933. À striking indication of the superior produc- 
tivity of these large-scale machines is furnished by the Dzerzhinsk 
works, where the same finishing mill that had turned out only 328,000 
tons of rolled products in 1913 was able to produce 881,000 tons per 
year after the installation of the blooming mill. 

In spite of the emphasis on large-scale facilities in the first two Five 
Year Plans, there still remained a large number of small-scale rolling 
mills on the eve of the Second World War. Not over Go per cent of all 
ingot production was fed into blooming and other reducing mills. In the 
postwar period an attempt has been made to expand the importance of 
blooming mills, and the Fourth Five Year Plan called for the construc- 
tion of five new blooming mills and one reducing mill. This plan con- 
trasts with the fact that only six new blooming mills were built in the 
twelve years preceding World War II.5 In addition, approximately ten 
blooming mills were reconstructed after the Second World War." This 
program of construction and reconstruction raised the capacity of Soviet 
blooming and reducing mills to 19,000,000 tons of ingots per year. 

Pipe Mills 

The construction of pipe mills to meet the growing demand for pipe 
has been described in connection with the policy of national self-suffi- 
ciency in Chapter 1. This section is confined to the size and specializa- 
tion of Soviet pipe-rolling mills. 

Soviet engineers chose two basic Western methods for manufacturing 
seamless pipe. The first was the Mannesmann method (German), which 
rolls pipe directly from ingots on a small Pilger rolling mill. The second 
method was the Stiefel process, which requires billets from a blooming 
mill. According to one authority, the minimum size of a Stiefel mill is the 
full capacity of a blooming mill. It is, therefore, of a larger scale than 


SPECIALIZATION OF MILLS, SIZE OF PLANTS 77 


the Mannesmann method. Like the blooming mill itself, the Stiefel 
method has developed in the United States, where it can supply the 
huge American market. The Mannesmann method was utilized in Soviet 
Russia at the existing old works, which could supply ingots but not 
blooms. The Stiefel large-scale method was designed for new works, to 
roll small and average diameter pipe only, for which it is much cheaper 
than the Mannesmann method. The cost advantage is reversed for large 
diameters. At Nikopol, therefore, a Stiefel mill was to roll diameters 
from 4.5 to 8.5 inches, while larger sizes were rolled on Mannesmann 
mills at such works as Mariupol' and Karl Liebknecht. 

In the meantime a third method of electrically welding hot- and cold- 
rolled strips was reportedly being developed in the United States. This 
method requires large-scale slabbing and strip mills. It was proposed for 
the Third Five Year Plan; however, no new mills were started during 
that five-year period. The Russians were having enough trouble getting 
their biggest pipe works into operation. The Nikopol works was begun 
in the First, started operation in the Second, and was completed during 
the Third Five Year Plan. Installation of the Stiefel mill was completed 
in 1936, but for the five years preceding the German invasion the Soviet 
engineers were not able to operate this giant successfully. They were 
forced to break the operation down into two separate steps, one at 
Nikopol and the other at Dnepropetrovsk. Such difficulties, however, did 
not prevent the restoration of the giant Stiefel mill after the Second 
World War. The Soviet press proudly announced that “Bolshoi Shtifel,” 
the biggest pipe-rolling mill in the USSR, had come back into operation 
on September 29, 1947. Delays also accompanied the construction of 
the second giant Soviet pipe works, at Pervoural'sk in the Urals. Build- 
ing began in 1930, partial operations in 1934, and the big Stiefel mill 
was not completed until 1938.8 

During the Second World War the big new Cheliabinsk Pipe Works 
came into operation, and the Fourth Five Year Plan called for a large- 
scale new works in the Transcaucasus, which was designed to produce 
18 per cent of all the steel pipe in the Soviet Union by 1950. On Decem- 
ber 33, 1952, this plant rolled its first steel pipe at Sumgait, a new indus- 
trial base for the oil industry on the Caspian Sea near Baku. The pro- 
duction goal is 350,000 tons of pipe per year. The first section consists 
of seven open-hearth furnaces, a blooming mill, a pipe-rolling mill, and 
the necessary auxiliary shops. 

The technical pattern established before the war still continues. As 
Bardin explains, "the more modern method of producing seamless steel 
pipe in Stiefel mills from billets will acquire in the Fourth Five Year 
Plan predominant significance. The rolling of pipe from ingots by the 
method of Pilger rolling mills will remain for special occasions." ° 
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Rail Mills 

The largest rail mill in prerevolutionary Russia, at Dzerzhinsk, had 
a capacity of only 250,000 to 300,000 tons per year. Restoration and 
rehabilitation during the twenties involved concentration of production 
in the most efficient plants, and by 1928 the Russians had concentrated 
the production of rails in half a dozen old southern works. The first 
new Soviet rail mill went into operation at Kuznetsk, in western Siberia, 
on January 23, 1933. The annual output of this mill was planned to 
equal the production in 1913 of the six largest rail mills of tsarist Russia. 
The Kuznetsk capacity was estimated at between 650,000 and 700,000 
tons per year, and by 1936 its annual output had reached 409,000 tons. 
The record annual output of a similar mill at the South Works of the 
Carnegie-Illinois Steel Corporation was reported to have been only 
slightly more — 431,269 tons. 

As we shall see in Chapter 6, the concentration of steel rail produc- 
tion in the Kuznetsk and Dnepropetrovsk plants caused serious trans- 
portation difficulties in the late thirties, but apparently the expansion of 
rail-making capacity was ruled out in favor of special steels for defense. 
No noticeable increase in rail-making facilities took place until it be- 
came necessary to rehabilitate the railroad system after the war. The 
Fourth Five Year Plan called for the completion of two big new rail 
mills outside of the established centers of rail production, one at 
Azovstal' on the shores of the Black Sea and one at Novo-Tagil in the 
northern Urals. Before the war the Urals area imported all of the rails 
it consumed. After the war the Urals Heavy Machinery Works built the 
first Soviet-made rail mill, and with much delay it was installed at Novo- 
Tagil in late 1948 or early 1949. The big new rail mill at Azovstal' was 
scheduled in 1950 to produce a large share of all of the rails rolled in 
the USSR, but its construction lagged seriously and was not completed 
until 1949. It is designed to make large, heavy, high-quality rails from 
open-hearth steel, supplementing the mill at Kuznetsk. Concentration 
and specialization was also mitigated by the reconstruction and enlarge- 
ment of rail-rolling facilities at such southern works as Makeevka, Pe- 
trovsk, and Dzerzhinsk.!9 


Sheet Mills 


In the latest comprehensive study of the Soviet iron and steel indus- 
try, Academician Bardin reproduces a pictorial chart from Steel Facts 
(1935), showing the changes in the composition of rolled products 
turned out in the United States from 1899 to 1934. He comments as 
follows: 
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The rise in the share of tinplate, of plates and sheets, and especially thin 
sheets, was determined by the comparatively rapid development of such 
branches of industry — basic consumers of that type of rolled products — as 
the automobile industry, the metal container industry, the production of 
household appliances (ice boxes, ranges, furniture, etc.) and also the intro- 
duction of sheet metal in construction. Before the Second World War the 
aforementioned branches of industry consumed about 32 per cent of all 
American rolled products. In 1939, the production of sheet, strip, and tin- 
plate reached 40 per cent of the total production of rolled products.!! 


At the same time (presumably 1939) the share of these products in 
Russia was only 8.2 per cent, or 2 per cent less than in the United States 
in 1900. 

Even though Russia was relatively far behind the United States, the 
demand for sheet had been growing fast there too, and it gave every 
indication of continuing to do so. This demand, in conjunction with the 
technical backwardness of sheet production in Russia, raised the ques- 
tion of what type of sheet mills should be constructed. Soviet economists 
and engineers became (understandably) enthusiastic advocates of con- 
tinuous mills. They are on so large a scale that they cost millions of 
dollars to build, but the costs of production are only about 40 per cent 
of the costs on discontinuous mills. According to Bardin, continuous 
sheet-rolling mills were developed over fifty years ago. The first one in 
the world was set up in Bohemia in 1892 (the continuous wire mill was 
invented in England in 1860). The process, however, was not widely 
used until about thirty years later, when it was taken up again and 
rapidly developed in the 1920's in the United States. It is maintained 
that the new method has ten times the productive capacity of the older 
two-high stands. "It is enough to say that the single new continuous 
sheet mill at the Zaporozh'e works is twice greater in productivity than 
the sixteen two-high sheet mills operating before the war in the Southern 
metallurgical works." !? 

The reasoning of the Russian planners in choosing large-scale meth- 
ods is well illustrated in an article that appeared in the journal "Soviet 
Metallurgy" in 1936, which discussed the calculations involved in choos- 
ing a continuous rolling mill to be installed in the new plant at Za- 
porozh'e. The article compares four alternative rolling mills (one Jap- 
anese and three American) to meet the demand for sheet-steel "roofing," 
which is thin sheet steel between 0.35 and 0.80 millimeters in thickness.!? 
The Soviet method of production in 1936 was to roll the roofing from 
billets on two-high stands of primitive construction. The production 
cycle was from ingot to billet to roofing. It was the most backward 
branch of rolling production, using large amounts of labor. The first 
new method to be considered was one employed at the Fukiai Kawasaki 
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works in Japan. The production cycle started with ingots of less than 
one ton, and involved a billet mill, six two-high roughing stands and 
twelve two-high finishing stands. The annual output was 220,000 to 
240,000 tons. The Japanese had copied and adapted the method from 
English designs. The second method (American) involved using large 
ingots that were worked by a blooming mill, a continuous billet mill, 
five two-high roughing stands, and ten two-high finishing stands. It was 
able to roll up to 450,000 tons of billets per year. The third method 
(American) passed ingots weighing up to seven tons through a slab mill, 
a continuous sheet mill, and a fourteen-stand two-high finishing mill. 
This method was reported to be in use at Gary, Indiana. It had a mini- 
mum capacity of 800,000 tons per year, but in actual practice usually 
tumed out 350,000 to 400,000 tons. The fourth method (American) in- 
volved passing ingots through a slab mill and a continuous sheet mill, 
then pickling the sheets and passing them through threc four-high finish- 
ing mills, each in three stands. This method was used at the American 
Steel and Wire Company in Chicago and is like the third method ex- 
cept that the finishing is cold. These finishing mills were designed for 
200,000 tons. 

The data in Table 16 show the costs of production of each method 
as estimated by Gipromez and Giprostal' on the basis of Soviet experi- 
ence and the latest technical literature. These costs include an amortiza- 
tion charge, but no charge for interest. As can be seen from the data of 
Table 16, the large-scale methods had the Jowest costs but also required 


TABLE 16 


COSTS OF ALTERNATIVE METHODS OF PRODUCING 
SHEET ROOFING 


Method 1 Method 2 Method 3 Method + 


Cost per ton (rubles)............... 143.55 135.57 140.92 124.70 
Total costs for annual cular 2 200,000 
tons (1,000 rubles). . . 28,710 27,114 28,184 24,910 


Annual savings of method 4 over each 


other method (1,000 rubles) 3,770 2,174 3,244 -= 
kerra capital cosis required by method 

4 as against each other method 

a Sae U Ty ORO sco... - 5s 10,662 7,427 5,882 = 
Years required to make up the extra 

capital costs through cost savings. . 2.8 3.4 18 = 


Source: Compiled from data in Soc. Met., 1936, no. 8, pp. 6-8. 


larger capital outlays. In order to decide whether or not the cost econ- 
omies were sufficiently great to offset the higher capital outlays, the 
planners figured how long it would take to recoup the added capital 
costs through the savings in current costs.!4 The annual savings in pro- 
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duction cost may be translated into percentage earnings on the addi- 
tional investment (by taking the reciprocal of the number of years 
required to recoup the extra capital costs), and when this is done it is 
seen that the rate of return on the difference in capital costs between 
method 4 and method 1 is 36 per cent, between method 4 and method 2 
it is 29 per cent, and between method 4 and method 3 it is 55 per 
cent. Thus method 4 was not only the cheapest in terms of current 
costs, but it also gave the highest return on the marginal investment 
over method 1. Hence it was the one chosen by the Soviet planners. 

Continuous mills were erected before the war at Magnitogorsk, Kuz- 
netsk, Makeevka, and the Stalingrad works. The largest of all the con- 
tinuous mills (of the type that in the United States turned out 1,000 tons 
of sheet steel in one eight-hour shift) was built in Russia at Zaporozh'e. 
Its construction, begun in 1935, dragged on for years because of the 
difficulty of the fledgling Soviet heavy-machine-building industry in 
mastering such complicated technology. By 1937 the slabbing and as- 
sorted mills were started, and the four-high continuous sheet mill ap- 
parently began operations in 1938. The outfit was designed to reduce 
1,800,000 tons of steel ingots weighing up to fifteen tons each. The slab 
mill was built at the Novo-Kramatorsk machine-building plant, and the 
sheet mill at the Urals Heavy Machinery Works. The mill was demolished 
by the German army and reconstructed after the war. The slab mill 
came into operation again in July 1947, and the continuous sheet mill 
one month later. A year later the mill was supposed to be twice as pro- 
ductive as all the sixteen old sheet mills in the works of southern Russia. 
In July 1948 it was awarded the Order of Lenin as the best rolling mill 
in the country. Other continuous mills were included in the Fourth Five 
Year Plan, so that they would produce a greater proportion of the total 
rolled products than they had before the war.!9 

The net result of increasing the size and improving the methods of 
rolling steel was a threefold rise in the annual output of the average 
rolling mill. A grand total of about 260 rolling mills in 1913 produced 
3,660,000 tons, whereas 326 rolling mills in 1936 produced 12,454,000 
tons, which means that the average per rolling mill in 1913 was about 
14,000 tons and the average per rolling mill in 1936 was about 39,000 
tons.!? 


Large Plants or Firms 


We have previously been concerned with the question of the size 
of the three major types of steel-mill equipment, blast furnaces, open- 
hearths, and rolling mills, which are the basic components of a steel 
plant. Economic difficulties can arise also from the construction of over- 
large plants. If, for example, the production economies derived from 
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vertical integration of coke plants, blast furnaces, steel converters, and 
rolling mills lead to the construction of giant iron and steel plants, then 
the consumer demand for basic steel products will be satisfied by a few 
gigantic mills. This will preclude the satisfaction of that consumer de- 
mand by the construction of several smaller-scale, less fully integrated 
plants, located closer to consuming markets. 

The large-scale economies that result from increasing the size of in- 
dividual shops are familiar: blast furnaces are more efficiently operated 
in pairs than singly; the costs of converting scrap and pig iron into steel 
ingots decrease with an increase iu the number of furnaces in an open- 
hearth shop; and so on. Equally familiar are the advantages of integrat- 
ing the different stages of production: the use of by-product coke and 
blast-furnace gas in further processing operations; the charging of 
"home" scrap from rolling mills back into open-hearth furnaces; the 
retention of heat in the metal from the blast furnace to the continuous 
sheet mill, and so forth. Soviet economists and engineers were well 
aware of these economies of scale, both from their studies of American 
experience and from their own research and experience.'® Of special 
interest in this respect are Veingarten's discussion of some limits to the 
size of Soviet iron and steel mills:!? 

1. Presumably with his tongue in his cheek, he mentions a sociologi- 
cal limit to size. In order to avoid the social disadvantages of immense 
cities like London, New York, or Berlin, it might be necessary to avoid 
building truly gigantic firms, even though they may be more efficient 
than two or three smaller ones. Of course none of these cities has an 
iron and steel plant. 

2. Veingarten points out that the amount of scrap available deter- 
mines the need for pig iron, since they are alternatives in the open- 
hearth charge. Because the USSR has been passing through the early 
stages of industrialization, she has not built up a fund of scrap metal 
(see Chapter 10). We can infer, therefore, that the lack of scrap would 
be a special reason for the Russians to chose to build large integrated 
works producing pig iron. As the Soviet economy matures and the sup- 
ply of scrap increases, however, it will presumably become economical 
to build smaller plants. 

3. American experience warned the Russians that intraplant transport 
becomes more complex and expensive beyond a certain size. Note that 
this limit to scale is the result of internal rather than external transport 
costs and would therefore affect the cost accounts of the steel industry 
itself. The expense could not be shifted onto the books of the railroads. 

4. The site where an existing plant happens to be located obviously 
may prevent its expansion, as in the case of the Andreev works at Tagan- 
rog which is surrounded by city buildings. 
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5. The availability of water may limit size. Gipromez figured that a 
million-ton steel works requires 170,000,000 million tons of water. Water, 
of course, may be reused, but it is expensive to clean it. 

6. The supply and character of the raw materials are also noted by 
Veingarten as limitations. It was estimated that it is not worth while to 
build a steel mill if its life expectancy is less than twenty-five years. In 
the case of the Novo-Tagil works, a survey of the estimated ore reserves, 
allowing for other old works using them, indicated that the maximum 
annual output could not safely be larger than 1,750,000 tons. This limited 
the size of the plant to a maximum of six 1,000-cubic-meter blast fur- 
naces, Other plants were much more strictly limited by the size of their 
ore bases. Although in a few cases, such as Magnitogorsk, ore supplies 
were not considered a limit to size, the smallness of iron ore deposits 
appears to have been the principal factor limiting the size of the new 
steel works built by the Soviet Russians. 

In a few cases the supply of coking coal may also set an upper limit 
to the size of the works. For instance, it was estimated in the early 
thirties that the supplies of Dashkesan ore in the Transcaucasus could 
support the annual production of 1,500,000 tons of pig iron, whereas the 
coking coal reserves of the nearby Tkvarcheli mines were enough for 
only 600,000 tons. At the same time it was uneconomical to import coal 
from other regions. The Gruzinsk works is now being completed, many 
years later, with a planned capacity of 685,000 tons of steel.?? 

Equally significant are the limiting factors that Veingarten fails to 
mention; in particular, the cost of transportation and the needs and prob- 
lems of the steel consumers. 

The disadvantages of trying to organize production in overly large 
shops are illustrated by the experience of the Magnitogorsk open-hearth 
shop. Up to the Second World War this shop worked very inefficiently 
and was often the cause of concern in the technical and economic press. 
The huge open-hearth furnaces were periodically running out of gas, 
scrap, or pig iron; ingot molds were lacking at the right time and the 
right place; and there was a continual shortage of skilled operating per- 
sonnel. After years of bungling, the solution was finally found by dividing 
this huge shop into two self-contained shops. New technical cadres were 
trained and much more attention was paid to technical details; new con- 
trol devices were introduced; new laboratories were set up, and the whole 
organization was renovated. To the delight of the Soviet management, 
the productivity of the furnaces more than doubled, purportedly far 
exceeding the best American norms (see Chapter 15). In this case we 
find the Soviets actually using the concept of diminishing returns, while 
avoiding mention of the term. The effectiveness of the administration 
of large shops and plants depends partly, of course, on the level of ma- 
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nagerial skill available at any given time. Since the war there have been 
occasions that contrasted with the foregoing, when efficiency has been 
improved and overhead costs reduced by amalgamation. At Kuznetsk, for 
example, good results have been reported from the amalgamation of four 
rolling shops into two, or two mechanical-repair shops into one, and two 
iron foundries into one.?! 

The Soviet mania for large plants is typified by their revision of the 
original plan for Magnitogorsk, which was drawn up by the American 
firm of McKee.?? The following list shows both the original and revised 
plans: 


McKee plan (1930) Soviet plan (1936) 
Number of blast furnaces. . g 8 8 
Output of pig iron.... 2,500,000 tons 4,300,000 tons 
Number of open- -hearth furnaces.. 3: P. 


Output of steel. .......... sls 
Number of finishing mills........... vs 7 

Output of rolled products............. 2,100, dao tons 3,710,000 tons 
Long before they were able to fulfill either of these grandiose plans, the 
limitations that the Russians had overlooked turned up to plague them, 
and the plans for a second section at Magnitogorsk were put on the 
shelf. Only the pressure of the loss of the Ukraine in the Second World 
War forced the building of the fifth and sixth blast furnaces at Magnito- 
gorsk. The fifth was blown in more than a decade after the first (in 
1942) and the sixth a year later. The seventh was also begun during the 
war and was finished in 1946. 

By 1929 the concentration of production was already significantly 
higher than in prerevolutionary Russia, and with the construction of new 
works it continued apace. In 1937, the high-water mark of "giganto- 
mania," the three works at Magnitogorsk, Kuznetsk, and Makeevka 
turned out as much pig iron as was produced in all of tsarist Russia, and 
over 30 per cent of the total pig iron in the USSR.?? The following data 
(which exclude machine building), while not a measure of mere size, 
are indicative of the period of fastest expansion of Soviet iron and steel 
plants — the Second Five Year Plan. The following data show output 
per plant in 1,000 tons: 


t 29 
2,700, 000 tons 4,770,000 tons 


1982 1985 1936 
"Ag son (Coke) oe o£ he eed eue dd 304 400 
Steel. MES UT ayant 246 480 607 
Rolled products. lees redox eee e federa pet eg s io te yehe si lovers Sh 101 190 250 


Veingarten notes with satisfaction that in 1929 the average output of 
coke pig iron per works was 298,000 tons in Germany and 367,000 tons 
in the United States.?* 


CHAPTER 6 


The Effects of Specialization and Large 
Scale of Plants upon the Volume 
of Transportation 


In the two preceding chapters we have seen that the Soviets in- 
stalled large and specialized equipment in gigantic new iron and steel 
plants. How did the construction of these immense plants and the expan- 
sion and specialization of existing facilities affect the Soviet economy? 
Once the effects had been recognized, what did the Soviet leaders do to 
alleviate the difficulties in which they found themselves? 

As we might expect, the main impact fell upon the transportation 
network. Trouble first became manifest in the railroads, which were 
overloaded with long-haul traffic, and of all industries the iron and steel 
industry was the most serious offender. The railroad officials were in a 
predicament, and they quite rightly shifted part of the blame back to the 
steel industry. The industrial officials in the meantime introduced the 
system of planning production by input-output material balances. When 
these were fitted together on a regional basis, they revealed the causes 
of the transport overload. 

The steel-industry managers have all along been primarily interested 
in reducing production costs, or that part of the total costs that 
for administrative reasons shows up in their industrial accounts. They 
were only secondarily interested in the difficulty that such an attitude 
might cause the railroads. The railroad administrators were, on the other 
hand, basically interested in their own operating efficiency and in hold- 
ing down their own costs. Faced with heavier loads and longer hauls, 
and with a railroad network that had been expanded proportionally much 
less than heavy industry, the railroad managers had to utilize their plant 
and equipment to capacity. In order to serve heavy industry in the man- 
ner desired by the industrial managers, the railroads would have had to 
increase their labor force and other variable factors to a point which 
would have raised transport costs prohibitively. Alternatively, they could 
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have satisfied industrial demands by greatly expanding the transport net- 
work, a course which involved heavy capital investment and which So- 
viet national leaders were at that time unwilling to follow. 

Industrial management won the first round of the argument, special- 
izing and locating the steel plants with little visible opposition from the 
railroads. As the consequences for the railroads became serious, the So- 
viet top leadership came to the rescue of railroad management and 
required the planners of the iron and steel industry to make their loca- 
tional decisions in such a way as to reduce the load on the transport 
network. This policy is apparently still in effect, although there is nothing 
to prevent the Soviet leaders from reversing the policy again. Professor 
Holland Hunter has expressed to me in correspondence the belief that 
they will do so. The expansion of the Siberian railroads and of the two 
lines tapping the Pechora basin, described in Chapter 16, may perhaps 
be the first steps in the new direction. 

L. P. Shul'kin provides a detailed picture of the excessive transport 
of iron and steel products in 1938, a time when the new large-scale mills 
were dumping their specialized products onto the back of the overloaded 
rail network. The situation with regard to a few particular products is 
outlined in the following pages. 


Foundry Iron 


In 1938 the USSR produced a total of 2,712,549 tons of foundry iron, 
which is iron made in blast furnaces and destined for casting shops 
rather than for steel-making furnaces. Since it is cheaper to produce it 
on a large-scale, specialized basis, the Soviet economists decided to build 
two big mills in the central region, below Moscow, which would spe- 
cialize in the production of foundry iron. Two large blast furnaces were 
erected in each of two new works — Novo-Tula and Novo-Lipetsk, and 
each works turned out about 500,000 tons in 1938. But the consumption 
of this iron was far less concentrated geographically, and the output of 
these two works was distributed by the various offices of Glavmetal- 
losbyt (organization for the sale of iron and steel products) to the fol- 
lowing places. 


Leningrad. ............ 8.4 per cent of total 
Minsk and Smolensk... . 10.7 
Moscow,......... 22.9 
Gorbi oo... 5.3 
Voronezh........ 11.8 
2.5 
29.2 
1.9 
1.5 
0.2 
2.8 
Siberia... 0.8 
Far East... d 0.1 
Central Asia........... 1.7 
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Blast-Furnace Ferroalloys 


A similar picture exists for the production of spiegel iron and ferro- 
manganese, of which the south produced 134,029 and 134,790 tons re- 
spectively. This quantity amounted to 98.5 per cent of the spiegel iron 
and 83 per cent of the ferromanganese produced in the USSR. Relatively 
small shares were consumed where they were produced, necessitating 
long hauls of unwieldy metal ingots. Likewise, the south produced 101,- 
ooo tons of the total Soviet output of 113,000 tons of ferrosilicon and 
shipped half of it to distant regions.! 

The technical and economic disadvantages of "gigantomania" and 
over-specialization of rolling mills were more serious than they were in 
the case of blast and open-hearth furnaces, so it is to rolled products 
that we now tum our attention. 


Seamless Pipe 


What effect did the construction of the two large-scale seamless tube 
works, at Nikopol' and Pervoural'sk, have on the transportation network? 
In 1938, 65,928 tons of one type of seamless pipe were produced. Of that 
total, 34,792 tons — or 53 per cent — were manufactured in Dneprope- 
trovsk Oblast, where Nikopol is located, and 8,356 tons — or another 
13 per cent — were manufactured in Sverdlovsk Oblast, where Pervou- 
ral’sk is located. Of the 34,792 tons produced in Dnepropetrovsk, only 
3,889 — or 11 per cent — were consumed in the oblast. The remainder 
was shipped all over the Soviet Union, as is shown in the tabulation be- 
low, which represents the amount of seamless tube distributed by the 
various offices of Glavmetallosbyt.? 


Leningrad. ........ 3,036 tons 8.7 per cent of total 
Minsk and Smolensk 503 1.4 
Center. uon .. 11,517 33.1 
Dnepropetrovsk. ........... 3,889 11.2 
Kiev, Kar'kov, and Rostov.. 14,146 40.6 
Stalingrad rerata 173 0.5 
Transcaucasia.............- 449 1.3 
UFBIB. sy A TT 325 0.9 
Siberia... 306 0.9 
Bar East... 8 v9» 309 0.9 
Central Asia..............- 139 0.4 


The same thing happened to the seamless tube produced in Sverd- 
lovsk Oblast. Only 1,842 tons — or 22 per cent— were consumed at 
home, and the rest were shipped to the far corners of the USSR. 


Railroad. Products 


The big rail mill at Kuznetsk, deep in Siberia, won national attention 
by setting production records. Production economies were attained by 
concentrating the rest of the steel rail production in a few southern 
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works. This pleased the administrators of the iron and steel industry, but 
what effect did it have on the transport of steel rails across the vastness 
of European and Asiatic Russia? 

There are seven types of railroad rails manufactured in Soviet Russia, 
ranging in weight from 31 to 65 kilograms per meter? The southern 
works rolled light rails from Thomas or Bessemer steel, Heavy rails could 
be rolled only at the Kuznetsk mill from better quality open-hearth steel. 
Shulkin gives statistics only for the production and consumption of 
medium rails of Type I, weighing 43 kilograms per meter, and of Type 
II, weighing 38. As is shown in Table 17, 99.9 per cent of all Type I 


TABLE 17 
REGIONAL DISTRIBUTION OF RAIL PRODUCTION, 1938 
Type I ruils Type II rails 
Per cent Per cent 
Tons of total Tons of total 
South 
Stalinsk Oblast............-...0. 162,049 23.4 $7,322 33.0 
Dnepropetrovsk Oblast...... ... 887,868 48.8 119,670 45.2 
Siberia oro Oblati, 191, 40 27.7 53,402 20.2 
All other roion à E vut 943 0.1 4,261 1.6 
Total. wakes cela nies, ©092, 800 = 264,655 — 


Source: L. P. Shul'kin, compiler, Potreblenie chernykh metalloo v SSSR (Moscow-Leningrad, 
1940), pp. 58-59. 


rails and 98.4 per cent of all Type II rails were produced in three oblasts: 
Dnepropetrovsk and Stalinsk in the south, and Novosibirsk, where the 
Kuznetsk plant is located, in western Siberia. The 206,992 tons of Type 
II rails produced in the two southern oblasts, comprising 78.2 per cent 
of the total production, were shipped to various parts of the Union as 
shown in the following figures.* 


Leningrad. ............. 41,009 tons 19.8 per cent of total 
Minsk and Smolensk. . 7,829 3.8 
enter ... 48,254 20.9 
South. .... 58,040 28.0 
Stalingrad 4,153 2.0 
Kuibyshev 17,325 8.4 
Transcaucasia. . 2,442 1,2 
Dallas oe ee Maureen ya 19,602 9.5 
Siberia 194 0.9 
Far East 2,020 1.0 
Central Asia............ 11,119 5.4 


Unfortunately, Shulkin does not give statistics for either the very light 
or the very heavy rails. But the trend toward the use of more and more 
heavy rails, which could be produced only at Kuznetsk, placed such an 
extra burden on the transport system that in 1939 the authorities decided 
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to build a second mill at Azovstal’, which would also produce these 
heavy rails, using metal smelted by the Thomas process from phosphoritic 
ores found on the Kerch peninsula. These rails at Azovstal were expected 
to entail higher manufacturing costs than the open-hearth rails made 
either at Krivoi Rog in the extreme southwest or at Magnitogorsk in the 
Urals, but then, in 1939, the fact that the location of Azovstal' would 
minimize the costs of transportation seemed more important.? This mill 
was destroyed by the Germans and rebuilt after the war. The postwar 
diversification of rail-making facilities has been described in the preced- 
ing chapter. 

OF 324,375 tons of fish plates and tie plates, 188,106 tons — 58 per 
cent — were rolled in Stalinsk Oblast, and 98,264 tons — 30 per cent — 
were rolled in Kuznetsk. Naturally they had to be shipped great dis- 
tances on the railroad system.® 

The ultimate degree of specialization is found in the manufacture of 
another product for the railroads — rolled wheels. Rimless wheels for 
railroad cars and tenders are prepared from open-hearth steel by means 
of a press and a highly specialized wheel-rolling mill. In 1938 there was 
only one such mill in Soviet Russia, at the Liebknecht plant in Dneprope- 
trovsk Oblast. It rolled 82,077 of the national total of 82,205 tons. Only 
16,260 tons were used in Dnepropetrovsk. The remainder was shipped all 
over European and Asiatic Russia. After the war the wheel mill at Dne- 
propetrovsk was rebuilt, and additional facilities were also set up at 
Kuznetsk." 


Beams and Channels 


The results of overspecialization show up in the regional production- 
consumption balances of many other rolled products. Structural beams 
and channels are essential for the construction of industrial plant and 
equipment, Formerly these items (from Nos. 14 to 18 inclusive) had been 
produced at four works in southern Russia, but by 1937 their production 
was concentrated at the gigantic new mills in Magnitogorsk and Kuz- 
netsk. There were 196,770 tons of beams and channels, up to No. 18, 
produced in the year 1938, a quantity which amounted to 35.4 per cent 
of the total production of all types of beams and channels (556,059 
tons). Of this 196,770 tons, 110,051 — or 55.9 per cent — were produced 
at only one rolling mill — at Magnitogorsk in the Urals. Only 12,170 
tons — or 11 per cent — of the Magnitogorsk production was consumed 
in Cheliabinsk Oblast, where the Magnitogorsk plant is located. The rest 
of it had to be transported to distant regions. The regional distribution 
of the consumption of the beams and channels produced at Magnitogorsk 
in 1938 is shown in the following list.? 
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Leningrad.............. 9,807 tons 8.9 per cent of total 


Minsk and Smoler 5,131 5.0 
Center. P 26,298 23.9 
South... i osse tento ty 20,192 24.0 
Stalingrad. ............. 2,888 2.6 
Kuibyshev. .. 2,290 2.1 
Transcaucasia. . 2,098 1.9 
Sverdlovsk . 11,401 10.3 
Cheliabinsk.. 12,170 11.0 
Siberia... 5,448 5.0 
Far Enst........ . 8,562 3.2 
Central Asia... .. cene 2,206 1.7 


The rolling mill at Kuznetsk in Siberia produced 12,813 of the remaining 
tons of beams and channels, but only 885 tons of this output could be 
consumed in all of Siberia. At this time Kuznetsk shipped 2,193 tons of 
these products all the way to Leningrad. 

The figures above lump together all sizes of beams and channels up 
to No. 18. Broken down to each size, the data reveal even greater spe- 
cialization. For example, channel No. 5 was rolled only in the south, and 
No. 6.5 only in the Urals. No. 10 beams were rolled only at Petrovsk in 
the south, Nos. 12, 14, 16, and 18, only at Magnitogorsk in the Urals, and 
No. 20 beams only at Kuznetsk in Siberia. 

The Fourth Five Year Plan undertook to set up mills in southern 
works for the rolling of large-size beams up to No. 6o and channels up 
to No. 40. Such shapes had not been rolled before in the south.!? 


Comprehensive Product Groupings 


Several Soviet writers have lumped together large groups of products, 
such as all rolled products, all conversion iron, and even all iron and 
steel products, and have analyzed them according to regional consump- 
tion and production. From their evidence it is easy to conclude that 
plants were unnecessarily and harmfully large and overspecialized and 
that they were not located efficiently. This conclusion, however, is sub- 
ject to two restrictions. 

First, the broad categories include figures for the interregional ship- 
ments of numerous items whose total production may be only a few 
hundred or a few thousand tons. To cut down on such shipments, pro- 
ducers would have to break their production up into even smaller lots 
at different plants throughout the USSR. This would raise production 
costs prohibitively. Shul'kin's book is full of examples of small items 
buried in the larger categories, such as pipe for bicycle frames. 

Second, the use of broad product categories and, even more, of 
broad regions, does not take into account other causes that may lead to 
interregional shipments. For example, roofing is manufactured in many 
small-scale mills located in the Urals, although the bulk o£ it is shipped 
to the southern and central regions. However, this concentration of roof- 
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ing iron production in the Urals is the result not of large-scale speciali- 
zation but of other locational factors that will be discussed more fully 
in the next chapter. 

Another indication of extreme specialization, however, is revealed by 
studying the sources of supply of certain products furnished to individual 
steel fabricating plants. A good example is the regional origin of the 
31,640 tons of assorted rolled sections consumed by the Pravda car- 
building factory in 1938. The following figures show in tons and per cent 
of the total the amounts that the plant received from various producing 
regions." The plant is located in Dnepropetrovsk in the heart of the 
Russian iron and steel industry, but only one-seventh of the steel came 
from nearby and two-fifths was shipped all the way from the Urals and 
Siberia. 


Dnepropetrovsk area. . 4,460 tons 14.1 per cent of total 


Donets arca.. 8,160 25.8 
Magnitogorsk 6,420 20.3 
Kuznetsk........ 6,680 21.1 
Gor'kii and the west...... 5,920 18.7 


Recognition of Transport Overload and Remedies Attempted 


Broadly speaking, the giant steel plants were laid out in the First 
Five Year Plan and put into operation in the Second Five Year Plan. 
During the Second Five Year Plan the railroad network was seriously 
overloaded with industrial freight, and Soviet authorities became seri- 
ously concerned about the situation. The construction of large-scale iron 
and steel works was gradually recognized as an important factor that 
was turning the railroads into a bottleneck and holding back industrial 
development, and shortly thereafter the authorities took steps to allevi- 
ate the transport overload.” 

An early recognition of the problem was Prikaz No. 2041, issued on 
the last day of 1936 by the Commissariat of Heavy Industry. It called 
for new kinds of ferroalloys and for a broader assortment of rolled steel 
products. This Prikaz signaled a reversal of the previous trend toward 
standardization and reduction in the number of products — a trend ac- 
tive since the middle twenties, as we have seen. Then in March 1937 two 
economists published a path-breaking study on the consumption of steel 
products. They pointed out therein the need to broaden the assortment 
and to increase the number of iron and steel products.!? 

During the year 1937 details were drawn up for the Third Five Year 
Plan and, as successive versions underwent revision, the period of so- 
called "gigantomania" in planning came to an end. The journal Sovetskaia 
Metallurgiia was still following the old line in June of that year when 
it noted that the rising demand for sheet, tinplate, and steel pipe made 
it very important to construct a continuous-sheet mill at Novo-Tagil and 
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a wide-sheet mill at Voroshilovsk, and to finish the Nikopol' pipe mill. 
Furthermore, the journal thought it would be economical to continue to 
enlarge the giant factories that had been built in the Second Five Year 
Plan. The plans for expansion that it described called for a rail mill at 
Magnitogorsk, a shop for assorted rolled products at Azovstal’, and an- 
other at Krivoi Rog. Since the groundwork had been laid, "the capital 
investment in these works would be two or three times less per ton of 
additional [i.e., marginall] product than at other completely new plants." 
But at this point a doubt arose: "Nevertheless the decision whether or 
not to go ahead with these plans depends on a more precise definition 
of the limits of capital investment, and possibly these jobs will be put 
off to the following Five Year Plan." ™ 

During the same month, June 1937, both an economist and an en- 
gineer criticized the specialization of steel rolling mills for the trouble 
it was causing the transport network.!5 Not all of the Soviet authorities 
writing at this time, however, made the connection between large-scale 
plants and excess transport of steel I. G. Gorelik, whose book on 
"Methods of Planning Iron and Steel" was sent to press in July 1937, dis- 
cusses on page 6 the fact that the goals of the Second Five Year Plan 
were met with considerably less capital investment than had been orig- 
inally planned. This result could come only from two causes: first, an in- 
crease in technical productivity per machine, and second, an increase in 
the size of each aggregate. Gorelik was well aware of both causes. A 
few lines further on he expressed concern about the transport difficulties, 
but instead of putting some of the blame on the large-scale equipment, 
he introduced new causal factors: 


Successfully completing the grandiose plans of putting the finishing touches 
on the construction of the socialist society, the Party overcame the rabid re- 
sistance of the class enemies of socialism and their agents — Gestapo spies 
and foreign secret police, Trotskyite diversionary bandits and right-wing re- 
storers of capitalism, bourgeois nationalists and young men from the right 
anti-Bolshevist bloc — all that abomination, all that rubble of mankind banded 
together into one filthy club.1¢ 


These wreckers, Gorelik states, so bungled up the iron and steel industry 
that the useless cross-hauling of semifinished steel in 1937 amounted to 
about 4,000,000 tons, or 200,000 carloads. 

The last issue of the journal Planovoe Khoziaistvo (Planned Econ- 
omy) in 1937 puts the two together. The disparity in the different re- 
gions between production and consumption of rolled products, they now 
attributed to "the ramifications of specialization — beyond narrow, tech- 
nical, cost lowering — beyond the narrow iron and steel industry alone 

. ignoring especially the interests of metal consumers and trans- 
port.” 1" On February 26, 1938, the Council of Peoples Commissars is- 
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sued a decree condemning the mania for building large-scale plants, 
saying that "the biggest shortcoming in planning and construction is gi- 
gantomania." !$ By the fall of 1938 the final logical inference was drawn; 
large scale was recognized as a cause of the transport problem, and 
“wreckers” were blamed for planning the large-scale iron and steel works. 
"The enemies of the people, the Trotskyite-Bukharinite and bourgeois- 
nationalistic diversionaries and spies stuck their dirty hands into the 
planning of the specialized works." !? From then on large-scale special- 
ized steel mills came in for criticism on all sides. 

S. M. Veingarten presents a particularly amusing and instructive case. 
To him, in his study published in 1939, planning big specialized works 
was not only wrecking but a "capitalist principle." 


We have indicated above that a one-sided approach to the question of 
specialization of iron and steel mills only on the basis of the profitability of 
rolling this or that profile, without allowance for the structure and geography 
of metal consumption, is opposed to the tasks of our socialist economy. That 
principle of capitalist economy was used by the enemies of the people in prac- 
tical decisions regarding the specialization of iron and steel mills.29 


He fails, however, to draw attention to the fact that in his earlier book, 
published in 1933, he was a fervent advocate of bigger and more special- 
ized steel mills. To him then integration in Soviet Russia was bigger and 
better than and different from integration in capitalism. At that time he 
claimed that the installation of machinery in capitalism was often held 
back by competition from the worker. But "in a socialist economy there 
is no law of labor costs, and, consequently, no competition between labor 
and machines" to limit the size of socialist steel mills.?' 

How can we characterize the dilemma in which the Russians found 
themselves on the eve of the Third Five Year Plan? In Part II, as well 
as in other sections of this study, we have given numerous examples of 
Soviet admiration for American technology, characterized by its large- 
scale, specialized mass-production. In planning their new steel plants, 
Soviet engineers went all out for the dramatic, new "American way," at 
times even exceeding the limits of the largest types of American equip- 
ment. What they failed to recognize is that American equipment has 
been developed to serve the American market, which in a relatively com- 
pact territory, crisscrossed by a dense network of railroads and highways, 
absorbs as much iron and steel as all of the rest of the world put together. 
Continuous sheet-rolling mills are ideally adapted to supply the Detroit 
market, which turns out millions of automobiles every year. The Russian 
market, on the other hand, spreads out over three times as much terri- 
tory, with a railroad network one-quarter as large as the American one, 
and almost no modern hard-surfaced highways. In other words, when the 
Soviets tried to transplant the Gary works from the neighborhood of 
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South Chicago and set it up in the barren mountains of the Southern 
Urals, they failed to appreciate that Gary, Indiana, is located on the 
edge of the heaviest concentration of metalfabricating plants in the 
world. 

Having misunderstood the shucture of American economy, and hav- 
ing transplanted our large-scale steel mills into the less receptive milieu 
of their own thin consumer market and inadequate transport network, 
the Russians beat about for a solution to this self-inflicted problem. What 
guidepost was there to get them back on the highroad of economic de- 
velopment? 

Jt would have been a mistake, as some comrades proposed, to achieve 
quick changes in assortment by means of large, specialized iron and steel 
plants. The solution must be sought in other directions. We must utilize the 
experience of the United States of America in that regard. The Americans, 
along with clear-cut specialization of their big rolling mills, found at the same 
time ways of satisfying the requirements of the market for different, hetero- 
geneous types of metal.?? 


The American solution was to have a few specialized works and at 
the same time many smaller works doing special orders. The Russians 
noted that there were in the Pittsburgh area two very large plants at 
Duquesne and Clairton, with eleven assorted rolling mills producing a 
total of about one and a half million tons. But in addition the same region 
had six smaller works with thirty-two rolling mills, each one averaging 
only about 24,000 tons per year. The Americans use continuous mills 
only where the demand is great enough to keep these specialized mills 
operating at full capacity. Of course the Americans find the smaller and 
less specialized mills are less efficient to operate. In the six years pre- 
ceding 1939, the United States had put into operation 258 mills, a good 
many of which had only a 2,500-ton annual capacity? The Russians 
adopted the American solution. No gigantic new mills have been started 
since the Second Five Year Plan. The plants that have been started since 
1938 have been of medium and small size. The existing giant plants have 
not been reduced in absolute size, and in certain cases, such as at Magni- 
togorsk (under the stress of war), they have been slowly expanded to- 
ward their originally scheduled large scale; however, since 1937 their 
building has been stopped or seriously curtailed. 

After the official pronouncements against "gigantomania," it became 
respectable to recognize the administrative limits to the size of Soviet 
business enterprises. À. Arakelian, whose knowledge is based largely on 


his experience in the Soviet iron and steel industry, makes this point very 
clear: 


: The increase of administrative links creates intermediate stages, separates 
higher workers from lower, increases staffs, and complicates the administra- 
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tive apparatus. Hence the decisions of the Eighteenth Congress of the AH- 
Union Communist Party which condemned the tendency to build giant enter- 
prises and extremely complex combines are of great importance also in the 
sphere of strengthening administrative work in production. The building of 
medium and small enterprises, among other things, assures the liquidation of 
many links in enterprise administration. It facilitates administrative work, and 
assures an opportunity for operational and concrete management of all units 
of the enterprise.?! 


Not since the Second Five Year Plan have the Russians talked of trying 
to build steel plants or their basic component mills bigger than those of 
their leading capitalist rival, although, as we have seen, individual blast 
furnaces have been built as large as any in America. In this connection 
it is interesting to note that the rolling mill being reconstructed at Azov- 
stal as to be the largest rolling mill in Europe, not the largest in the 
world — in other words, it is admittedly smaller than the largest in 
America.? 


Part Three 


LOCATION AND 
POTENTIAL DEVELOPMENT 


CHAPTER 7 


Minor Factors A | ffecting the Location 
oj the Iron and Steel Industry 


The location of iron and steel production is of interest not only in 
its own right but also because of the industry’s importance in determin- 
ing the locational pattern of the wide range of industries consuming semi- 
finished iron and steel products. “It is well known that iron and steel 
production attracts a number of machine industries, and to a large extent 
determines the sites of other industries. AH this proves that iron and steel 
combines, together with central (power) stations, fix the basic intra- 
regional contours of the location of productive forces.” ! 

The iron and steel industry is composed of a number of different 
types of producing units, and the location of each type is determined 
by a different set of factors. In Chapter 1 and Appendix C we describe 
the development and shifting locational pattern of four branches — 
ferroalloys, quality steel, electric steel, and pipe-rolling mills. This chap- 
ter and the following ones place heavy emphasis on the location of fully 
integrated iron and steel plants containing blast furnaces, open-hearths, 
and rolling mills, with minor emphasis on conversion works without blast 
furnaces. This chapter deals with some of the minor factors which might 
affect location: labor, limestone, manganese, water, and firebrick. 


Labor Costs 


Labor costs make up a large share of the total costs of the Soviet iron 
and steel industry. They amounted to a little over 28 per cent of the total 
costs in 1925-26 and rose to 40 per cent in 1932. The rise in the share 
of labor in total costs during this period was the result of distortions in 
the Soviet price structure. Between 1930 and 1935 the prices of the basic 
raw materials of the iron and steel industry were heavily subsidized, and 
so remained more or less constant, while wage rates were allowed to rise. 
The average monthly pay in the iron and steel industry rose between 
1928 and 1936 by almost three and a half times, from 75.61 rubles to 254 
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rubles.2 When the raw materials prices were adjusted upwards to cover 
costs in 1936, the share of raw materials in total costs of the iron and 
stee] industry made a big jump, and the share of labor in total costs fell 
from 35 per cent to 22 per cent. 

Nevertheless labor costs have had negligible importance in the loca- 
tion of iron and steel plants in the Soviet Union, an experience similar to 
that of other countries. One authority gives the reason: "it is not the ab- 
solute magnitude of labor costs that is important locationally speaking; 
rather the vital consideration is the comparison of differentials in labor 
costs among different districts with differentials in other costs.” * Labor 
cost differentials have been too small to have exerted any appreciable 
influence on the locational pattern of the iron and steel industry in the 
capitalist countries, and the same appears to be true of the Soviet Union, 
even though the continental expanse of the Soviet Union, its extreme 
variations in climate, and other influences that determine the relative 
attractiveness of living in different sections have forced the Soviet gov- 
ernment to introduce wide interregional wage differentials. Thus, although 
wage rates are almost twice as high in the rigorous outposts as they are 
in the Donbass, it is safe to say that no Soviet iron and steel plant has 
been located to take advantage of these regional differences. In fact, I 
have discovered no instance in which a Soviet writer has argued that 
plants ought to be so located. 


Limestone 


Limestone makes up about 10 to 25 per cent of the total mix charged 
into Soviet blast furnaces. This is a relatively small share, but neverthe- 
less it would be large enough to have an appreciable effect on plant lo- 
cation were it not for the fact that limestone deposits are generally 
widespread and reasonably close to all possible locations for iron and 
steel plants.* 

The southern blast furnaces, which require a lot of fluxing material, 
are a partial exception. Good limestone is available in only two locations 
in the south — at Elenovsk, thirty kilometers south of Stalino, and near 
the port of Balaklava in the Crimea. Before the revolution the pits at 
Elenovsk, which now contain about 85,000,000 tons of (geological) re- 
serves, furnished the limestone for all of the works of southern Russia. 
As pig iron production expanded in the Ukraine, the Soviet Russians 
simply reéquipped and enlarged these pits and one or two others nearby. 
On the eve of the Second World War, however, the vulnerability of this 
concentrated production led certain economists to urge the opening up 
of alternative sources of supply for strategic reasons. At the end of the 
war, Pavlov called for the development of the very large Crimean de- 
posits of Balaklava to furnish limestone for the Kerch, Mariupol, and 
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lower Dnepr steel mills. This would reduce the dependence of the south- 
ern works on Elenovsk supplies, but would still leave the main iron and 
steel region of Soviet Russia dependent almost entirely on two localities 
for an indispensable raw material. After the wartime destruction of the 
two big quarries, the first blast furnaces restored in the south had to rely 
on small, hand-worked quarries at Boguraevsk, Golubovsk, Zhirnovsk, 
and Krasnoshchekovsk. Both Elenovsk and Balaklava have since been 
restored, but whether the latter deposit now serves the Dnepr works as 
well as the works using Crimean iron ore is not known. 

To make matters worse, the southern works require twice as much 
limestone as either the Urals or western Siberia mills. The amount of 
limestone required at any given location varies with the chemical and 
physical properties of the blast-furnace charge. The Urals and western 
Siberian steel works use Kuznetsk coke, which is lower in sulphur con- 
tent and requires less limestone flux to remove the sulphur than the 
high-sulphur Donets coal. The southern steel works not only use Donets 
coal but also depend on Krivoi Rog iron ore, which is easily powdered 
and therefore requires more limestone flux. The net result is that the share 
of limestone in the total ore and coke charge at the southern works is 
more than double the share at the eastern works. Magnitogorsk is the 
only eastern works represented in Table 18 but it consumed considerably 


TABLE 18 


CONSUMPTION OF LIMESTONE PER TON OF PIG IRON, 
ALL-UNION AVERAGE AND FOR SELECTED PLANTS, 
1930-1936 (kilograms) 


1930 1931 1932 1933 1934 1935 1936 


All-Union average 621 621 610 625 517 594 = 
Dzerzhinsk.......... Rats 576 544 566 596 582 586 526 
Peltrovaskz «cessa Bor 554 571 563 624 562 532 525 
Stallngk; aaisa rears Ts 535 531 542 643 597 541 530 
Ordzhonikidzensk e. 8690 602 582 615 574 588 580 
MOV ae sais eakas ... 601 480 545 699 490 438 432 
Voroshilov..........- sna 555 513 512 636 623 496 476 
Volkov:.. ion ia saik 933 795 777 794 754 770 648 
Magnitogorsk CHINE DA E — — — 260 260 235 241 
Zaporozh'stal,.,..oc eren — — — — 614 536 519 


ee 
Source: S. M. Veingarten, Ekonomika i planirovaniia chernoi metallurgii SSSR (Moscow, 1939), 
p. 437. 


less than one half of the national average in the first four years of its 
operation. The Voikov works, using sulphurous Donets coal and Kerch 
ore, with its very low iron content, consumed three times as much as 
Magnitogorsk. 

For good basic fluxing material it is desirable to have the content of 
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alumina and silica as low as possible. In the best grades the sum of al- 
umina and silica does not exceed 1 per cent; in the ordinary grades, 3 
per cent; and in poorer grades, 5 per cent. Their sum in the Balaklava 
deposit does not exceed 2 per cent. The Elenovsk deposit contains 
limestone of a very good quality, a typical analysis containing 54.60 per 
cent calcium oxide, and only 0.54 per cent magnesia, 0.97 per cent silica, 
0.14 per cent alumina, 0.17 per cent iron oxide, 0.01 per cent phosphorus, 
and o.14 per cent sulphur. The remaining weight (43.51 per cent) is 
lost in the roasting process. On the other hand, Elenovsk's supplies, not 
unlimited, are estimated at a total of 85,000,000 tons, including categories 
A + B +C (for an explanation see Table 19). If Elenovsk were to con- 
tinue to supply practically all of the limestone flux used to smelt Krivoi 
Rog ore, at the current rate of about ten million tons of pig iron or six 
million tons of limestone a vear, it would not last beyond 1963. 

The four blast-furnace plants in the central region — Novo-Tula, Ko- 
saia Gora, Novo-Lipetsk, and Svobodnyi Sokoľ — all depend on Elets 
and other local deposits of limestone, as do most of the works in the 
Urals. Several of the small works, including Chusovoi, Alapaevsk, Satka, 
and Bilimbai, have their own quarries. Limestone is also quarried at the 
main iron-ore sites in the north-central Urals at Vysokogora, Blagodat’, 
and Lebiashka, the latter supplving the big plant at Novo-Tagil. 

Magnitogorsk is supplied by a local deposit of good quality limestone 
at Agapovsk, eight kilometers from the steel plant. A typical analysis of 
this limestone shows a content of o.8o per cent silica, 0.20 per cent al- 
umina, 0.30 per cent phosphorus, 0.10 per cent sulphur, and 3.20 per cent 
magnesia. The supplies at Agapovsk are sufficient to last out the dwin- 
dling reserves of iron ore. Kuznetsk gets limestone of good quality from 
deposits over one hundred kilometers away, near the Gur'evsk works. 
When the new blast-furnace plant at Temir-Tau, near Karaganda, is 
completed, it will get limestone from Astakhovsk and Iuzhno-Toparsk. 
The most favorable factor in the location of the proposed blast-furnace 
plant in Central Asia at Begovat is thc Farkhad deposit of limestone only 
five kilometers away, which is now being used by a local cement works. 
It is of high quality, 54 to 55 per cent lime, and quite pure. Local au- 
thorities claim that for practical purposes the reserves are unlimited. 

Dolomite is mined at several places in the USSR, but it is rarely used 
in blast-furnace practice to replace limestone, mainly becaused dolomite 
deposits are less frequently encountered than limestone and partly be- 
cause low-silica dolomite is more expensive than limestone. 


Manganese 


Manganese is valuable both as a flux and as an alloying element to 
harden steel. None of the steel-producing nations of the capitalist world, 
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except India and Brazil, have appreciable reserves of manganese. This 
mineral, therefore, has had little or no part in the location of Western 
iron and steel plants. Russia has three-quarters of the world's known sup- 
plies. This abundance leads the Russians to use more manganese than 
is normally used by the Western nations in the production of iron and 
stecl. The Russians use manganese instead of stecl-hardening elements 
which they lack, like molybdenum, or which are more expensive to ob- 
tain, Manganese ore, furthermore, is used as an alternative to other flux- 
ing materials to get rid of the large quantity of sulphur present in Donets 
coal. Manganese is also required because of the fact that iron ores 
smelted in Russia are generally poor in manganese content, and more 
manganese must be added in order to produce steel and manganese 
alloys. Unlike limestone deposits, almost all of the Russian manganese 
deposits are concentrated in two localities, as is shown by Table 19. 


TABLE 19 


RESERVES OF MANGANESE ORE, BY REGION, 1935 
(million tons) 


Reserves 
Total 
Region A+B+C A+B A+B 
(in tons) (in tons) Per cent 
Villen. oo soon NOTED ge Sado onononcas 18.1 12.3 5.7 
Bashkir... . 5.3 0.6 0.3 
Kazakhstan.. 33.5 — = 
Western Siber 1.0 1.0 0.5 
Ukraine.... 400.8 90.5 41.7 
Transcaucasus. 162.5 112.1 51.6 
North Caucasus 33.9 — — 
Eon IU SS RSS essere 655.1 216.5 100.0 


Source: S. M, Veingarten, Ekonomika i planirovaniia chernoi mctallurgii SSSR (Moscow, 
1939), p. 155. Soviet geologists always classify their supplies of mineral raw materials into three 
broad categories, but rarely arc the categories defined, even though lack of definition often 
renders their published statistics almost meaningless. The following definition is therefore para- 
phrased from S. M. Veingarten, Ochcrkii ekonomiki sovetskoi chernoi metallurgii (Leningrad, 
1933), p. 212. Category A is subdivided into subclasses A, and A, A, includes supplies pre- 
pared for use and deposits not requiring preparatory work. These are supplies that are prospected 
in detail and proven. A, includes supplies lying within the limits of a contour defined by work- 
ings, holes and natural outlets so arranged that from a knowledge of the character of the deposit 
it is possible to estimate the figures with reasonable accuracy. Category B includes supplies 
defined ns in A, except that quantitative figures are not accurate enough for inclusion in cate- 
gory A,. It is sometimes based on accurate geophysical research. Category C includes supplies deter- 
mined by geophysical research and by sundry scientific discoveries and natural outcroppings. 


Hence manganese has had an appreciable influence in the location of 
two of the new Soviet iron and steel mills. 

The Transcaucasian deposits lie along the Kviviny River in an area 
about thirty kilometers long and eight to ten kilometers wide. The ores 
are carried by cable railroad from the mines to Chiatura on a branch of 
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the Transcaucasian Railroad. Most of the raw ore is washed on the spot. 
It is then divided into four classes according to the manganese content, 
ranging from 25 to 59 per cent manganese. In order to produce high- 
quality ferromanganese alloys, the quantity of iron in the manganese 
ore must be low; hence the high ratio of manganese to iion in the Chia- 
tura ores makes them very valuable for the manufacture of ferroman- 
ganese. On the other hand, the silicon dioxide and phosphorus content 
in the Chiatura ores is high. High silica content makes the ore powdery 
and results in losses in the process of smelting; high phosphorus content 
in the ore is even more harmful, because the phosphorus ends up in the 
smelted pig iron. Nevertheless, in 1929, before the Russians began to use 
it in large quantities at home, Chiatura ore was of good enough quality 
to hold first place in the world market, and about one million tons were 
sold abroad. 

The shipment of Chiatura ore throughout Russia and the rest of the 
world was facilitated by large-scale beneficiation. By 1913 the richest 
ores were already worked out, and 55 per cent of the ore was washed 
and concentrated by jigging machines; since 1927 practically all of the 
manganese shipped has been treated. During the Fourth Five Year 
Plan new concentration plants were built, and the handling of materials 
was completely mechanized: from the underground mines (one is now 
open-pit) to the recently completed central beneficiation plant and into 
the railway cars. 

As indicated in Table 20, Chiatura is the leading producer of Soviet 


TABLE 20 


PRODUCTION OF MANGANESE ORE BY REGION, 
SELECTED YEARS (1,000 tons) 


USSR Per Per Per 

total Chiatura cent Nikopol’ cent Others cent 
1913 1,245.3 965.8 77.5 275.9 22.2 3.6 03 
1928 702.4 171.8 24.5 530.6 75.5 = = 
1932 832.1 388.8 46.6 443.3 53.4 — = 
1935 2,384.6 1,180.0 49.5 1,037.0 43.5 167.6 7.0 
1937 2,752.0 1,650.4 60.0 956.9 34.7 144.7 5.3 
1941 (Plan) 3,100.0 1,750.0 56.5 1,020.0 32.9 330.0 10.6 
1945 1,517.0 851.0 56.1 329.0 21,7 337.0 22.2 


Sources: 1913-1935 from TsUNKhU, Sotsialisticheskoe stroitel’stuvo SSSR (Moscow, 1938), 
p. 153; 1937 from Sots. stroi. (1939); and L. Ia, Vol'fson, V. I. Ledovskoi, and N. S. Shil’nikov, 
Ekonomika transporta (Moscow, 1941), pp. 2298; 1941 from 1941 Plan, p. 17; 1945 percentages 
from Bol'shaia sovetskaia entsiklopediia (special volume on USSR, 1947), col. 254. The 1945 
absolute tonnage was calculated from the following information: Chiatura output from 1945 to 
1948 rose 45 per cent (Zaria Vostoka, January 30, 1949); during 1949 by 28 per cent (Izvestila 
Akademii Nauk, SSSR, Otdelenie Ekonomiki i Prava, 1951, no. 8, p. 176); in 1950 by 1G per 
cent when it was 27 per cent above the 1940 level (Pravda, March 11, 1951); the 1950 Plan 
called for 2,040,000 tons at Chiatura, or 40.8 per cent over the tonnage for 1940 (Voprosy 
Ekonomiki, 1949, no. 11, p. 124). Zaria Vostoka, September 16-18, 1952, said that Georgian 
eniem in US was 77 per cent over that of 1948 (cited in Current Digest of the Soviet Press, 
vol. 4, no. : 
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manganese. In 1913 it turned out almost 1,000,000 tons, over three- 
quarters of the nation's total output. Recovery during the twenties was 
slow, but picked up during the thirties so that by 1935 Chiatura was 
producing over 1,000,000 tons, half of the Soviet total, and it has con- 
tinued to produce over 5o per cent since then. Chiatura was not occupied 
by the Germans, but nonetheless output fell off considerably during the 
Second World War. From approximately 850,000 tons in 1945, produc- 
tion rose steadily during the Fourth Five Year Plan: 1,200,000 tons in 
1948, 1,600,000 in 1949, and 1,800,000 in 1950. This failed to meet thc 
target set for that year, but a 19 per cent increase in 1951 carried output 
to almost 2,200,000 tons — well over the 2,000,000 ton level originally in- 
tended for 1950. Even at this rate of production, known reserves (see 
Table 19) should last out this century. 

The North Caucasus deposits are at Labinsk, the terminus of a branch 
railroad, about sixty kilometers southwest of Armavir.? They contain 
only 17 to 25 per cent manganese. 

The Ukrainian deposits lie on the right bank of the Dnepr River at 
Nikopol. The raw ore contains only up to 28 per cent manganese, 
whereas the silica content comes up to 42 per cent. All of the ore, there- 
fore, has to be concentrated by washing to reduce the silicon dioxide 
and to raise the manganese content of the four types of washed ore to a 
range from 28 to 51 per cent. The washed ore, like that of Chiatura, has 
a high ratio of manganese to iron (over ten to one) and is, therefore, 
suitable for the manufacture of ferromanganese. But Nikopol ore is even 
more phosphoritic and powdery than that of the Caucasus. Nonetheless, 
up to the Second World War all of the ferromanganese in the Soviet 
Union was made only from Nikopol' ore, and not always the best Niko- 
pol’ ore at that. The better ores were reserved for export.® 

Except during the twenties Nikopol’ has consistently held second 
place next to Chiatura in share of production, producing 35 per cent of 
the USSR total in 1940. Nonetheless, it turned out 1,000,000 tons an- 
nually during the second half of the thirties, a tremendous amount by 
world standards. Because the German steel industry urgently required 
manganese, Nikopol’ was a military objective of great positive value, in 
addition to the negative value of preventing the Russians from using it. 
Robert Holloway reports that the Germans were successful in extracting 
large quantities of manganese from Nikopol’ during the occupation, but, 
of course, they destroyed the mines before their retreat in 1943.° Recon- 
struction began immediately thereafter, and by June 1951 the damage 
had been repaired, new mines put into operation, and the concentration 
plant enlarged. Production exceeded 300,000 tons in 1945, and large 
percentage increases have been reported since then. In 1951 output in- 
creased 29 per cent over the preceding year. 
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There was also an unworked deposit of 3,300,000 tons in the Ukraine 
at Khotchevatski. It contained 18 per cent manganese and 26 per cent 
iron and was therefore of little use in the manufacture of ferromangan- 
ese. 

The Ural Mountains abound in deposits of manganese ore. None of 
them, however, can compare with the now-defunct Sapal'sk deposit at 
Mount Lebiazhka, which supplied good ore to the Tagil works for fifty- 
three years. The rest of the deposits are very small, low in manganese, 
and high in silicon. So long, therefore, as it was possible to get good 
high-grade ferromanganese from southern furnaces, the Urals deposits 
remained almost unused. Anticipating that the Urals might be cut off 
from Chiatura and Nikopol’ in the event of war, the Soviet government 
wisely stockpiled enormous quantities of manganese in the Urals. Since 
it took about forty days, including sea tiansport, to ship ore the 3,000 
kilometers from Chiatura, and twenty-five days to ship by rail from 
Nikopol, normal working supplies were supposed to be a minimum of 
forty-five days’ requirements. A. I. Otel'chenko, writing in 1939, was dis- 
turbed because several times the normal reserve was being hoarded: 
“Actually there are already at the Urals works huge supplies of man- 
ganese ore — over a year's supply, which, naturally, is not called for as 
a production requirement." 1° 

A year’s stockpile was, of course, insufficient for the needs of arma- 
ment production during the Second World War, so it soon became 
necessary to resort to the low-grade manganese ores of the Urals and 
neighboring regions. The most useful Ural deposit turned out to be that 
at Polunochnoe, in the Serov region, the largest supply in the northern 
Urals, located twenty kilometers north of Ivdel. The chemical composi- 
tion of the ore averages higher in silica (35.97 per cent) than in man- 
ganese (26.50 per cent). The relation of manganese to iron is 8.5 to 1, 
which makes possible the manufacture of 78 per cent ferromanganese. 
The physical composition of the ore is very powdery, resulting in a large 
loss of flue dust. Another bad feature is the presence of 25 per cent by 
weight of hygroscopic moisture. Polunochnoe was first mined in 1941 
and in 1943 a concentrating plant went into operation. In that year about 
7 per cent of the ore was produced by open-pit methods. 

There are some fourteen known deposits in the Ivdel region. The 
second most important is located in Marsiati, midway between Serov and 
Ivdel'. Together with Polunochnoe it contains 58 per cent of the known 
and 61.6 per cent of the total geological reserves of manganese ore in 
all of Sverdlovsk Oblast. Marsiati, like Polunochnoe, came into operation 
during the Second World War and continued to produce in the postwar 
period. In 1945, a third relatively large deposit in the Ivdel' region was 
discovered at Novo-Berezovsk. 
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Sverdlovsk Oblast produced 3,300 tons of manganese ore in 1913, and 
opened up again with 1,500 tons in 1933. Output rose to 2,900 and 
9,500 tons in the next two years. Indications are that output continued 
to rise by small amounts until 1940. Then, thanks to wartime forced 
expansion on a very small base, Sverdlovsk Oblast was able to announce 
a sixteenfold jump in output from 1940 to 1944. In 1945 the oblast pro- 
duced 12.5 per cent of the Soviet total, or approximately 190,000 tons. 

Before the Second World War the Bashkir Autonomous Republic in 
the southwestern Urals turned out an appreciable amount of manganese. 
Starting with 11,700 tons, its output rose to 77,100 tons in 1937. The 
urgent needs of the war, however, seem to have exhausted its reserves. 
In 1945 it turned out less than 0.1 per cent of the USSR total production. 
The main producing deposits were in the vicinity of Beloretsk. Another 
deposit at the southern tip of the Urals, being mined on a small scale, 
is the extremely poor ore at Novo-Troitsk, consisting of about 5o per 
cent silica. 

Quite close to Magnitogorsk, at Urazovsk, was a deposit of ore of 
good quality, which contained about 40 per cent manganese and much 
less silica than other Ural ores (about 20 per cent). It was pressed into 
service to meet the emergency and was quickly worked out. Such ore as 
was still being used after the war was poor in chemical composition, 
and very friable. 

The deposits of western Kazakhstan were developed during the war 
as the principal source of manganese ore for Magnitogorsk.!! Before the 
last war the Kazakh republic produced no manganese. With the occu- 
pation of the Ukraine by the Germans, mines were developed in the 
Kazakh desert at Dzhezdinsk, to replace those from Nikopol’ as a source 
of supply for Magnitogorsk. The deposit lies about midway between 
Karaganda and the Aral Sea. Production began in 1942, and a year later 
Dzhezdinsk was covering 50 to Go per cent of Magnitogorsk's require- 
ments for manganese. In 1945 the deposit supplied 5 per cent of the 
country's production, or about 75,000 tons. The reserves are small, and 
there is no telling how much longer they will last. Manganese content 
fluctuates within wide limits, from 25 to 55 per cent, averaging 30 per 
cent. Iron content is small (2 per cent) and the harmful impurities, 
sulphur and phosphorus average about 0.1 per cent each. Silica is not 
excessive (15-20 per cent), but in physical composition the ore is very 
friable. 

Other good desposits in Kazakhstan were prospected during the war 
at Kara Kzha, Kta, and Klych (see Chapter 9). Full analysis of all three 
deposits have rarely been published, but those that have indicate good 
quality. No word has been received indicating that they have as yet been 
exploited. A number of other deposits have been mentioned as possible 
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manganese sources for the new Temir-Tau works near Karaganda, 
among them one at Murdzhik, 320 kilometers to the northeast of the iron 
and steel plant. 

As in the Urals, manganese ores are found at many points in Siberia, 
but the deposits are so small they will not support exploitation for any 
length of time.? The only local deposit supplying (since 1933) the 
Kuznetsk works lies on the Mazul River, twelve kilometers southwest of 
Achinsk on the Trans-Siberian Railroad. It is local only in the Russian 
sense of the word, being soo kilometers from the iron and stee] works. 
The ore averages roughly 25 per cent manganese and 15 per cent 
silica, but it is so inconsistent as to make jt difficult for accurate 
blast-furnace use. The main trouble is the high content of phos- 
phorus, three times greater than in Nikopol' ore, which precludes its 
use for the manufacture of spiegel iron. Another deposit along the Usa 
River has been recommended for development because it is only 180 
kilometers from the steel plant. 

As far as is known, no local supplies of manganese have been found 
for the three new works at the outer fringes of the Soviet Union. 'The 
new works near Leningrad plans to pay a very high price for its man- 
ganese ore hauled from Nikopol'. The nearest manganese deposit to the 
Komsomol'sk works that appears to be usable is in the area of Lake 
Baikal, and the Uzbek works will presumably get its manganese from 
either Kazakhstan or Chiatura.!$ 

The influence of these manganese deposits on the location of Soviet 
iron and steel plants is simple and clear. The huge integrated pipe plant 
in southern Russia was built beside the Nikopol manganese deposits. 
There were, of course, many other reasons for locating the mill in the 
Ukraine on the southeastern edge of the Donets basin, but the particu- 
lar site chosen was obviously influenced by the manganese deposit. The 
same can be said for the construction of the Transcaucasian iron and 
steel plant now being completed at Rustavi. Ever since its proposal dur- 
ing the First Five Year Plan, the presence of the Chiatura manganese 
mines has been urged as one of the reasons for locating such a plant in 
Transcaucasia. 

The Nikopol’ and Chiatura deposits are the outstanding sources of 
manganese in the Soviet Union; together they accounted for 93 per cent 
of the nation's reserves and 95 per cent of production. The exploitation 
of the remaining deposits, as could be expected from a knowledge of 
their small quantity and poor quality, did not affect the location of any 
steel plants. On the contrary, once the main plants consuming man- 
ganese ore had been built, the exploitation of the remaining deposits 
was pushed in an effort to reduce the pressure on the rail network 
caused by hauling the Chiatura and the Nikopol’ ores. The transport 
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authorities continually complained about the necessity of hauling man- 
ganese ore from the south several thousand kilometers to the eastern 
works, and in the Jate thirties the government adopted some policies 
designed to reduce the burden of these shipments. In 1939 the freight 
rates on manganese ore from Chiatura and Nikopol were charged a 
special penalty rate. The purpose was to reduce the total transport load 
by increasing the production from the Urals and Siberian deposits. At 
the same time, the Eighteenth Party Congress in March 1939 called for 
the opening of manganese mines to supply mills in the Urals and Siberia, 
but little was done to carry out this proposal. In 1940, 185,000 tons were 
hauled from Chiatura and Nikopol to the Urals, and 90,000 tons to 
Siberia.!* 

It took the Second World War to force the eastern works to depend 
upon local manganese ores. By 1944 Kuznetsk was using local man- 
ganese exclusively, and in the year 1948 Kuznetsk saved 5,600,000 rubles 
in transport costs by consuming local instead of Chiatura ore. In order 
to relieve the transport bottleneck, the production of manganese ore in 
western Siberia was pushed up from 3,400 tons in 1933, to 131,000 tons 
in 1935, but fell back to 65,600 tons in 1937. The 1941 Plan called for 
190,000 tons, and production remained high during the war, but appar- 
ently fell back to about 70,000 tons again in 1945, when the Krasnoiarsk 
krai (territory) produced 4.7 per cent of the Soviet total. In the eastern 
regions as a whole (including the Urals, Kazakhstan, and Siberia), the 
output more than doubled during the war, reaching a wartime peak in 
1944, when output was 236 per cent of what it had been in 1940. 

Manganese deposits not only determined in part the location of two 
iron and steel plants, but up until the outbreak of World War II also 
determined almost completely the location of the production of two 
materials essential to finishing steel — ferromanganese and spiegel iron. 
This influence has been explained in Chapter 1 in the discussion of 
ferroalloys. 


Water Supply 


The importance of a copious water supply to the operation of a 
modern iron and steel plant has been underscored by three Soviet elec- 
trical engineers. 


The increase in the unit productive capacities of blast furnaces and bloom- 
ing and slabbing mills leads to the establishments of plants with an output of 
one to two million tons, which greatly increases the economy of iron and 
steel production. But the concentration of productive capacities introduces 
new factors of intra regional location, the most important of which is water 
supply . . . A plant with an annual output of 1,000,000 tons of pig iron uses 
3-4 cubic meters per second for continuous flow cooling. 

When iron and steel production is combined with the by-product coke and 
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nitrogen fertilizer industries, the combine's total water consumption per ton 
of pig iron increases to 145-185 cubic meters, including 16-29 cubic meters 
of fresh water. Continuous-flow water supply can be realized only along large 
navigable rivers, and in the USSR this requires considerable hydraulic work, 
asa rule . . . The status of water resources is enhanced if they can be used 
as a means of transportation. The location of socialist cities near water re- 
sources is of extreme importance, as these cities are the greatest prospective 
consumers of water. 

An analysis of the location of projected iron and steel combines shows 
that most of the metal production will actually be concentrated at the ore 
fields and water supply sources; no more than 30-40 per cent will be pro- 
duced at plants located near the power [coal] bases.!5 


Nevertheless, it must be emphasized that water supply does not fix 
the general location of a steel plant, but determines the site chosen 
within a general location. Location is determined by other factors. In 
this respect the influence of water supply is analogous to that of lime- 
stone. Adequate water supply is usually available in any region that 
for other reasons might be suitable for a steel plant. It goes without say- 
ing that every Soviet iron and steel mill will be situated on or near a 
river. Furthermore, an othenwise inadequate water supply may be 
cleaned and reused many times, even though this process often involves 
considerable cost. 


Refractories 


The iron and steel industry continually consumes large quantities of 
refractories in the form of brick.!^ Besides having many minor uses, 
refractories are the principal materials of which all furnaces and vessels 
containing molten metal are made, as well as flues and stacks for con- 
ducting hot gases. Refractories can be made from a number of different 
substances and combinations of various materials. Two types, however, 
are of predominant importance in Soviet practice. First is chamotte, con- 
sisting of about 40 per cent alumina, which is used primarily for blast 
furnaces. It is not highly resistant to changes in temperature, but stands 
up well against abrasion. Less durable, but highly resistant to tempera- 
ture changes is dinas (acid) refractory brick, containing over 95 per 
cent silica. Its principal use is for open-hearth roofs. 

On the eve of the Five Year Plans in 1928, firebrick manufacture 
was one of the most backward branches of the iron and steel industry. 
The first blast-furnace and open-hearth shops at Magnitogorsk and 
Kuznetsk were made of imported firebrick. Then the local industry was 
completely rebuilt and expanded, enabling the Soviets to free them- 
selves from foreign dependence by 1933, as the following figures (in 
1,000 tons) show. 
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1981 1932 1988 1984 
Consumption of firebrick, 2. .....20, 0.0... 1198 1151 1200 1672 
Imports of firebrick,...........000..0.-0.. — 268 65 3 ini 


Up to the end of the Second Five Year Plan in 1937 the government 
had invested 464,000,000 rubles in facilities for the production of fire- 
brick, or 4 per cent of the total investment in the iron and steel industry. 
By 1940 firebrick production had passed the 2,000,000-ton mark, with 
1,550,000 tons of chamotte and 530,000 tons of dinas brick. The 1941 Plan 
called for 1,850,000 and 670,000 tons, respectively. The bulk of it was 
manufactured by twenty-five firebrick factories in the south. 

Before the Second World War, despite plenty of raw-material re- 
sources, the Urals imported all of its firebrick from the Ukraine. An im- 
portant achievement of Urals metallurgy during the war was to become 
self-sufficient in the manufacture of firebrick. After the war reconstruc- 
tion called for an unusually large quantity of refractories. In 1946 it was 
estimated that 1,104,700 tons of firebrick would be required to restore 
ruined equipment in the occupied areas. Consequently the 1950 Plan 
called for the production of 2,550,000 tons of chamotte and 950,000 tons 
of dinas. By 1948 the twenty-seven ruined works had been rebuilt and 
a total of thirty were operating in the south and center. At this time at 
least five enterprises were turning out firebrick for steel plants in the 
Urals. Farther east Kuznetsk has its own firebrick plant, and Petrovsk- 
Zabaikal'skii supplies itself as well as the new plant at Komsomol'sk in 
the Far East. 

The consumption of any one refractory material per ton of finished 
product is so small that it is of little significance in choosing the location 
of iron and steel plants. A case in point is the location of the new north- 
west iron and steel plant at Cherepovets, which is slated to produce 
approximately one million tons of pig iron and two million tons of steel 
a year. This plant is expected to consume per ton of finished product 
1,220 kilograms of ore concentrate, 570 kilograms of scrap, and 1,200 
kilograms of coal. By comparison its consumption of refractories per ton 
of steel will be small — about 60 kilograms of dolomite, 5o kilograms of 
fireclay for chamotte, and 25 kilograms of quartzite for dinas brick. At 
the same time the deposits from which these refractories will be drawn 
are scattered in different directions around the steel plant, so that no one 
of them could exert an appreciable “pull” on the location of the new 
plant.!7 

Furthermore, the Russians since the Second World War have fol- 
lowed the lead of capitalist countries in substituting more durable refrac- 
tories for dinas and chamotte. There has been some talk of using carbon 
blocks in place of firebrick for refractory linings. This writer found that 


112 THE ECONOMICS OF SOVIET STEEL 


both the Germans and the English had lengthened their blast-furnace 
campaigns phenomenally by the use of carbon blocks. The Russians have 
reported excellent results using chrome-magnesite firebricks instead of 
dinas for open-hearth roof linings. One article describes the spreading 
use in capitalist countries of dolomite instead of ordinary clay for fire- 
bricks, notes that its use had also been developing throughout the USSR, 
and concludes with the significant statement that "the new fireclay can 
acquire great significance for the construction and exploitation of steel- 
smelting furnaces in the new Five Year Plan and beyond, because sup- 
plies of dolomite are found in almost all the important iron and stecl 
regions." ?$ 


CHAPTER § —— 


The Effects of Coking Coal Supplies 
on Location and Development 


The character and size of coking coal supplies have played a de- 
cisive role in determining the location and development of the Soviet 
iron and steel industry. The Soviets inherited an industry that was 
mainly concentrated in the vicinity of the big Ukrainian coal basin, and 
the availability of coking coal has continued to influence the develop- 
ment of new centers for iron and steel production. 

In the final analysis, the locational pull of coal basins is determined 
by the amount of coal and coke consumed per ton of iron and steel. 
The greater the amount of coal consumed, the more it costs to transport 
it to the iron and steel works. In the Western world coal deposits have 
long been losing their attractive power because technological progress 
has steadily reduced the weight of coal and coke consumed. The Soviet 
engineers were well aware of this trend, noting that from about 1913 to 
1937 the quantity of coke (in kilograms) consumed per ton of pig iron 
in the three leading Western nations fell as follows.! 


c. 1937 
Dritsiiz: xag A 1,152 
Germany......... 
United States SSS 


The Soviet Union is no exception. The following figures indicate the 
average consumption (in kilograms) of coke per ton of pig iron in the 
USSR.? 


1928-29. . 
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Coking should be carried on at the steel plants rather than the coal 
mines, in order to utilize the by-products in the steel-making process. 
This increases the locational pull of coal, because the heavier coal, not 
the lighter coke, must be transported to the steel mills. In 1929 the 
Russians began to build modern American by-product coke plants and 
to locate them in the centers of iron and steel manufacture. Conse- 
quently the capacity of coke plants located at iron and steel works as a 
percentage of the total coke capacity in the USSR rose rapidly: 1913, 
28.4 per cent; 1929, 44.2 per cent; 1932, 54.5 per cent; 1936, 71.3 per 
cent; 1940, 73.8 per cent; 1947 Plan, 77.0 per cent? 

To measure the locational pull of coal in the manufacture of pig 
iron, therefore, we must measure the weight of coal consumed. This 
figure is obtained by multiplying the weight of the coke by 1.4. The 
1941 Plan (p. 146) called for the consumption of 1.42 tons of Donbass 
coal of 3-per-cent moisture content to make one ton of coke containing 
6 per cent moisture. 

Large quantities of coal are also used in steel-making in the stages 
subsequent to the smelting of the ore in blast furnaces. The operation 
of open-hearths, soaking pits, rolling mills, electricity generating sta- 
tions, and other equipment requires coal or other fuels for heating and 
mechanical power. Operational economies, particularly heat economies, 
practically require that blast furnaces be associated with the subsequent 
operations in one integrated modern steel works. This means that in 
the location of modern iron and steel plants not only the weight of 
coking coal for the blast furnaces but also the coal consumed in all of 
the other operations is a significant factor. 

After blast-furnace smelting, the next two important operations are 
the smelting of steel in open-hearth furnaces and the rolling of steel 
ingots. The large amounts of fuel consumed in these operations is indi- 
cated in the following data, which give fuel consumption (in coal units) 
in kilograms of coal equivalents per ton of production for the USSR.* 

1940 1942 1943 1944 1946 1946 
Open-hearth stecl.......... 246 277 279 283 270 262 
Rolled stccl............... 183 210 207 203 202 200 

It is apparent from the input ratios that we have given for the key 
processes of converting raw materials into final products that the con- 
sumption of coal has been declining. Unfortunately for our purposes, 
it seems that the Russians do not periodically calculate the average 
weight of coal required for the over-all process of producing a ton of 
finished steel. Perhaps the explanation is that such a summary figure is 
not operational statistically. It is not something that is required to run 
day-to-day operations or to plan future expansion. Lacking summary 
figures, it is difficult to generalize about the over-all locational pull of 
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coal. The Soviet press recently reported, however, that in order to pro- 
duce a ton of steel out of pig iron, two and one-half tons of iron ore and 
two tons of high-grade coking coal are consumed. If that figure is cor- 
rect, these ratios have been reversed since the late twenties before the 
great expansion began; at that time it may have taken two tons of iron 
ore and two and one-half tons of coal to make one ton of steel. 


Beneficiation of Coking Coal 


Beneficiation, as the name implies, can do much to improve coking 
coal, such as reduce the content of ash, sulphur, and phosphorus; im- 
prove the chemical composition of the ash by lowering the content of 
silica relative to lime and the iron oxides; make the coke more homo- 
geneous in quality, thus raising the productivity of the blast furnaces; 
cut down on waste by improving the quality of the pig iron, and so 
forth. Beneficiation thus permits the resort to lower-grade coals for 
coking, which we have shown to be absolutely essential to the continued 
operation and growth of the Soviet iron and steel industry. 

Until the end of the Fourth Five Year Plan, the Soviet Union, com- 
pared with the Western world, was quite backward in the extent of its 
coal beneficiation. In 1938 there were only twenty-five coal preparation 
plants in the Donbass, one small washer at Tkvarcheli, one in the Urals 
at Gubakha, and one in Kazakhstan. Including two machines for treat- 
ing anthracite, the total Soviet capacity in 1938 was 5,355 tons per hour, 
87 per cent of it in the Donbass. About 80 per cent of the capacity had 
been equipped since the revolution. The equipment included jigging 
machines, launders, pneumatic jigs and tables, and flotation apparatus. 
This was one-tenth the size of American equipment, which was reported 
in 1935 to consist of 320 plants, with a total hourly capacity of 66,000 
tons. England had an hourly capacity of 44,000 in 1934 and Germany 
60,000 tons in 1930. 

On the eve of the German invasion of Russia, only 19 per cent of 
Soviet coal for coking was enriched. Almost nine-tenths of what little 
equipment was available was ruined by the invaders, and not much new 
equipment was installed during the war years. Instead the eastern basins 
mined selectively the best grades of coking coal they could get out of 
the ground. In the face of this very bad situation, the Fourth Five Year 
Plan in 1946 laid down an extremely ambitious program of coal bene- 
ficiation, which called for the construction of twenty-seven new coal- 
concentrating plants, development of enrichment by heavy suspension, 
and the enrichment of all coking coal containing over 7 per cent ash. 
This meant that the Soviets were to enrich 53,000,000 out of the 57,700,- 
000 tons of coking coals scheduled for production in 1950. 

This program required tremendous capital investment and was justi- 
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fied on the grounds that investment in beneficiation plants would raise 
the productivity of the blast furnaces and reduce the capital investment 
in them bv more than the investment in beneficiation equipment. As 
might be expected, the implementation of this ambitious program fell 
behind schedule. In 1948 the slow restoration and construction of coal- 
beneficiation plants was blamed on the failure of the central authorities 
to allocate resources to these projects. Nonetheless, considerable progress 
was made, perhaps because there was simply no other way to obviate 
the shortage of good coking coal The share of coking coal enriched 
jumped from 19 per cent in 1940 to about 40 per cent in 1949. The 
1951-1955 plan calls for the output of all coal to rise by 43 per cent, 
coking coal by 50 per cent, and beneficiation of coal by 170 per cent. 
By mid-1952 four times as much coal was being processed in concen- 
tration plants as had been processed in 1940. 


Use of Substitutes for Coal 


The lack of coking coal in the Urals and the great expense of trans- 
porting it from other regions have led the Russians to use substitutes for 
coke in the blast furnace. To smelt iron ore requires carbon as a re- 
ducing agent and carbon, or some other fuel such as electricity, to heat 
the furnace. Ever since the Industrial Revolution the preferred fuel and 
reducing agent has been coke made out of bituminous coal, but other 
substances will work, and the Russians have used a number of them, 
including charcoal, anthracite, raw bituminous, peat coke, peat, and 
just plain wood. 

From the early seventeenth century until the opening of the Donbass 
in the 1870's, the Russian iron industry was based on charcoal? Al- 
though soon overtaken by the production of coke pig iron, charcoal 
smelting in the Urals continued right up to the 1917 Revolution. After 
the Civil War the Soviets permitted the charcoal smelting of the Urals 
to languish. Out of twenty-eight existing blast furnaces, less than fifteen 
were usually kept in operation. The cost of production was almost dou- 
ble that of coke pig iron and the supply of forest timbers was disappear- 
ing, so some of the better furnaces were converted to coke. By 1929 
25 per cent of the output from the old Urals works was smelted with 
coke. Plans for the reconstruction of these works during the thirties lay 
dormant, and the output of charcoal pig iron was permitted to fall from 
800,000 tons in 1932 to 400,000 tons in 1939.? 

In the late thirties, however, the picture changed. The grandiose 
plans for importing coal into the Urals, as we shall see, tangled up the 
transport system, and Soviet leaders thought of reviving the ancient 
charcoal industry. The Third Five Year Plan called for the restoration of 
three charcoal] blast furnaces. Then under the pressure of the Second 
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World War the Soviets built their first three new charcoal blast furnaces, 
completed at Ufalei, Satka, and Alapaevsk in 1943, 1944, and 1945. From 
now on they are likely to maintain and even expand their production 
of expensive but high-quality charcoal pig iron. 

The principal advantage of smelting with charcoal is that it pro- 
duces sulphur-free pig iron. This quality is especially endearing to Soviet 
engineers, who have to contend with so much sulphur in both coking- 
coal and iron-ore supplies. Second, the ash content of Soviet charcoal 
rarely exceeds 2 per cent, compared with a minimum of 10 per cent in 
their coking coal. The principal disadvantage is the great friability of 
charcoal, which, as we have seen, limits the size of charcoal blast fur- 
naces to 200 cubic meters, or one-seventh the size of their coke-consum- 
ing rivals. 

From the locational point of view charcoal smelting is tied closely 
to the forests that supply the wood, because of the tremendous loss of 
weight that occurs in the process of making charcoal. The charcoal ex- 
tracted is equal to only 20 to 24 per cent of the weight of the air-dried 
logs out of which it is made. Therefore, charcoal blast furnaces are lo- 
cated where iron ore lies close to large wooded areas. Charcoal itself 
pulverizes quickly when transported any distance and is expensive to 
carry because it takes up so much space. Most Russian charcoal weighs 
only 130 to 200 kilograms per cubic meter. y 

In 1950, up to 10,000,000 cubic meters of wood were carbonized in 
primitive charcoal furnaces, or in heaps or mounds in the same manner 
used hundreds of years ago in Western Europe. A new, continuously 
operating furnace for the manufacture of charcoal has recently been put 
into operation at Verkhniaia Siniachikha in Sverdlovsk Oblast. It is 
claimed that with one of these Kozlov furnaces a ton of charcoal costs 
only slightly more than a ton of coke, and that, with as many as five 
furnaces operating together, charcoal would be much cheaper. 

In the 1870's the Sulin works began to smelt pig iron with anthracite 
coal from mines in the Shakhtinsk region in the Ukraine. The sulphur 
content, however, became excessive, and forced the discontinuance of 
the operation.? In 1948 the direct use of noncoking bituminous coal from 
the Kuzbass was confined to the Gur'evsk works in Western Siberia and 
Verkhne-Tura in the Urals, where it was charged into two small ex- 
charcoal blast furnaces. Pavlov believes that it will play an increasing 
role in the future as a substitute for Kuznetsk coke in the Urals. 

The first experiments with coke made from peat were undertaken 
in 1897 at the Kulebaki works of Gor'kii Oblast. In 1930 the experiments 
were repeated by a Soviet commission, using peat found in the central 
and Upper Volga regions. The commission concluded that "smelting 
with peat coke permits the receipt of high-silicon and low-sulphur foun- 
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dry iron with relative consumption of peat coke no higher than mineral 
coke."!? Nothing. however, has been done to follow up this recom- 
mendation. Since 1923 the Russians have even carried on a series of in- 
conclusive experiments with the use of air-dried peat, containing an 
average of 25 per cent water. Pavlov states that jt might possibly be 
used in small blast furnaces. On the basis of earlier experience in the 
Urals and in Chile, the Soviets are even prepared, if worst comes to 
worst, to operate their small furnaces with ordinary raw wood. 

The percentage share of fuel (in terms of coal) consumed by iron 
and steel mills in operations other than the smelting of pig iron is given 
in the following list for the years 1940 and 1946 (USSR averages ).!! 


1940 1946 
Steam, including generating electricily....... 38.4 percent — 39.3 per cent 
Open-hearth furnaces. ........ rovc rd 170 
Rolling mills. ........ zoveesesssvesssobo LOS 10.3 
Manufacturing of firebrick.. M 3. 1 3.9 
Sintering iron ore. 2.5 2,2 
Work transport and miscellancaus shop fuel. 23. 1 20.2 
Nonproductive operations. ee, 5.0 71 


It is possible for all of these operations to be fueled by coal in one 
form or another, although in practice other fuels are employed. 

In terms of calorific content, coal makes up about 75 per cent of all 
fuel reserves in the USSR, and the ratio of coal to oil reserves in particu- 
lar is 997 to 3. For this reason the Soviet steel industry consumes a 
larger share of coal in these auxiliary operations than does its Amer- 
ican counterpart. Furthermore the percentage share of coal has been 
increasing, as the following data indicate.!? 


1940 1946 
Coal.. , Fy "m . 89.3 percent 49.4 per cent 
Blast-furnace gas EE m 20.8 16.2 
Boke gus. eres T .. 10.8 9.5 
Coke waste...... : .. 0.85 


Coal waste...... 
Mead... 


CT O)À0o0w5 
bhroin 
SPPOWNS 
MeN ore in 


The noncoal fuels (wood, peat, oil, and pitch) in 1946 comprised only 
13 per cent of the fuel consumed in auxiliary operations, and therefore, 
for practical purposes, they have no influence on the choice of plant lo- 
cation. By the same token, the shortage of oil, now or in the future, will 
constitute no barrier to the continued expansion of the Soviet iron and 
steel industry. 

Up to this point we have discussed the role of fuel supplies in general 
terms. In order to understand the part played by coal in the location 
and development of the Soviet iron and steel industry, we need not only 
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a general frame of reference but also precise and detailed knowledge 
about the important coking coal basins of the USSR. 


Quality of the Coke 


The locational pull and economic importance of any coal basin 
depends not only on the quantity of its coal reserves but also on the 
quality of the coke obtainable from the coal, for it is coke that is charged 
into the blast furnace. Its quality may be described in terms of certain 
chemical and physical characteristics. The five most important chemical 
characteristics are the amounts of moisture, ash, sulphur, volatile matter, 
and fixed carbon remaining after the coal has been coked. 

Moisture above 6 per cent in coal for coking is undesirable, because 
it reduces the efficiency of the carbonizing process and adds to the 
volume of waste liquors to be disposed of. Moisture remaining in the 
coke itself reduces the efficiency of blast-furnace operation.!? 

Ash not only reduces the calorific power of the coke in the blast 
furnace, but the chemical composition of the ash itself is important in 
the smelting process, as it affects the fusibility of the coke at different 
temperatures, The higher the ash content of the coke, the greater the 
amount of waste slag in the blast furnace and the higher the consump- 
tion of coke and flux per ton of pig iron. 

Sulphur in metallurgical coke is an even more harmful ingredient 
than ash. It reduces the productivity of the blast furnace, and the trace 
of sulphur that inevitably remains severely lowers the quality of the 
pig iron. Sulphur in iron and steel above certain small amounts lowers 
the tensile strength, imparts brittleness, causes cracks and high shrink- 
age in castings, and increases the tendency of steel to corrode. Sulphur 
in American metallurgical coke varies from 0.6 to 1.5 per cent. Standard 
American specifications for foundry coke call for a maximum of 1.0 per 
cent sulphur, and the content should be even lower if possible. The 
Russians have been able to smelt pig iron adequately free of sulphur 
even when the coke contains as much as 2.0 per cent sulphur, but this 
requires a large increase in the consumption of coke and limestone. In 
planning the construction of the iron and steel mill at Zaporozh'e, the 
Freyn Engineers of Chicago demonstrated to Gipromez that each addi- 
tion of o.1 per cent of sulphur in coke above 1.0 per cent increases the 
consumption of coke by 18.2 kilograms per ton of pig iron, and lowers 
the productivity of the blast furnace by 2.0 per cent. The discovery of a 
new chemical method of reducing the sulphur content was an urgent 
task of the Fourth Five Year Plan. 

Sulphur is a severe handicap to the Soviet steel industry for two 
reasons: several deposits of Soviet coking coal, particularly the Donbass, 
are extremely high in sulphur; and the smallness of scrap supplies re- 


120 THE ECONOMICS OF SOVIET STEEL 


quires that conversion pig iron used in making steel be relatively free of 
sulphur. Steel scrap is necessarily low in sulphur, having been manu- 
factured in the first place according to specifications calling for its 
elimination. Pig iron containing sulphur, however, will impart it to the 
ingot steel. 

A good metallurgical coke will contain little volatile matter, not over 
2 per cent. The purpose of coking is to get rid of the volatile matter in 
the coal, thereby increasing the relative amount of pure fixed carbon 
in the coke. Standard American specifications call for a minimum of 86 
per cent fixed carbon, although many types of American and foreign 
coke contain less. 

In physical properties, coke for blast-furnace consumption must be 
sufficiently strong and firm to resist shattering from handling and crush- 
ing under the pressure exerted by the heavy charge inside a big modern 
furnace. The Russians have particular difficulty with the friability or 
brittleness of all of their cokes. The eastern coke is considerably weaker 
and more friable than coke made from southern coal. Brittle coke breaks 
up into small pieces and powder, which jam the blast furnace and re- 
strict the passage of the air blast through the mix. The fines, further- 
more, gum up the slag in the lower part of the furnace, making it hard 
to draw off the slag at the proper time. High ash content is one cause of 
brittle coke, and sulphur is another."! 

Different types of bituminous coal give very different results when 
submitted to the process of coking. When describing deposits of coking 
coal, therefore, one must distinguish carefully the different types of 
coal making up each deposit. For this purpose the Russians classify their 
bituminous coals into a number of types, the name or initials of which 
will convey to the reader at a glance an approximate idea of their suit- 
ability for coking. The classifications are based on two main factors — 
volatile matter and ability to cake. 

Donets coals are classified into the six types described below and 
shown in Table 21. For other deposits this classification has been 
adopted in modified forms, which will be taken into account as each one 
is described (please note that this classification refers to coal, not coke). 

Strictly speaking, the only real coking coal is Type K. It has the 
ideal amount of volatile matter and coking properties, and, given their 
choice, the Russians would utilize this type exclusively. Not being able 
to do so, they utilize as much of it as the rapidly dwindling supplies will 
allow. Type K lessens the tendency of the coke to fracture, increases its 
strength, and makes it more homogeneous. Next best is fatty-steam coal 
(Type PZh), whose higher content of volatile matter has not prevented 
its use for many years as the basic element of the Donets coking-coal 
mix. This type is divided into two subgroups, depending on whether it 
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TABLE 21 
CHARACTERISTICS OF DONETS COALS 
Average 
Volatile sulphur 
matter content 
Type (per cent) (per cent) Coking characteristics 
Long-flame or candle coal (D) over 42 3.6 Noncaking, powdery or ag- 
glutinating (sticky) 
Gassy or gas coul (G) 35-44 2.9 Caking, fusible, sometimes 
swells (friable) 
Fatty-steam coal (PZA) 26-35 2.5 Caking, fusible, dense or 
moderately compact 
Coking coal (K) 18-26 2.0 Same as PZh 
Clinkering-steam coal (PS) 12-18 2.1 Caking or fusible from mod- 
erately dense to dense 
Lean coal (T) below 17 1.5 Noncaking, powdery or ag- 


glutinating (sticky) 


Sources: P. A. ludin, Spravochnik koksokhimika, Vol. IV, Exploatatsiia kokso-khimicheskogo 
zavoda (Khar’kov, 1939), p. 3. The sulphur content is from G. M. Krzhizhanovskii, ed., 
Energeticheskie resursy SSSR (Moscow, 1937), p. 132. This classification is now standardized 
according to OST 5238. See A. A. Agroskin nnd N, P. Chizhevskii, Koksovanie (Moscow, 1948), 
p. 81. For precise measurements of their cokability see pp. 55-57, 


expands or shrinks in the coking ovens. The strong variety causes the 
mix to bulge out, increasing the pressure on the walls and making the 
coke mass more difficult to remove from the oven. On the positive side, 
however, it acts as a strengthening agent in the coke, making it less 
friable. The shrinking variety, which includes the great bulk of fatty- 
steam coal, makes it easier to operate the oven, decreasing the trans- 
verse-splitting tendency of the coke, but at the same time increases its 
friability. 

AII of the other types are not even considered coking coals, but the 
shortage of the two better types has forced the Soviets to experiment 
with various blends in an attempt to substitute the inferior for the 
scarcer good ones. First to be used was the clinkering-steam coal, Type 
PS, which in certain blends reduces the tendency to fissure, thereby 
strengthening the coke. In other mixes, however, this type increases the 
friability and abrasion of the coke and tends to produce shapeless lumps. 
Being low in volatile matter, furthermore, it gives very few of the 
valuable chemical by-products.!* 

Next to be tried, on the eve of the Second World War, was gas coal, 
Type G. It is so high in volatile matter as to be most undesirable, but 
in certain mixes its strong tendency to shrink can be used to counteract 
the swelling tendencies of other types and thereby make the mix easier 
to remove from the coking oven. The other two types, long-fame (D) 
and lean coal (T), at the extreme upper and lower ranges of volatile 
content, have been considered absolutely unsuitable for coking, but, 
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as we shall see, the Soviets have recently been forced to include even 
them in their coking-coal mixes. 

A brief description follows of the ten different coal basins that the 
Soviet Russians have used as coking-coal bases for their iron and steel 
works, including those now under construction. The Donets basin was 
the sole source of coking coal (excluding Poland) before the revolution. 
The nine others were exploited to produce coking coal for the first time 
after 1931. 


The Donets Basin 


The major part of the Donets basin, or Donbass, lies in the Ukraine, 
with a small extension southeastward into Rostov Oblast of the Russian 
SFSR.1° The basin attains a length of 400 kilometers and its greatest 
width is 160 kilometers. The total coal-bearing area approaches 30,000 
square kilometers. Iudin describes in great detail the seven geological 
regions in the Donbass in which coking coal is found, predominantly 
in the northem and western sectors (where the steel mills are located). 
The other six of the thirteen Donbass coal regions contain anthracite and 
bituminous coal of the long-flame (D) and lean (T) types, which are 
excluded from all of the descriptions of Donbass coking coal but which 
eventually may have to be used regardless of their low quality. The 
regions vary widely in physical and chemical composition and deposi- 
tion, so that each one ought to be treated as a separate deposit, as in 
Table 22. The discussion which follows, however, will give over-all 
averages for the Donbass as though it were one deposit. The reader must 
keep in mind the great variations existing both within and among the 
various regions. 

Donbass coal is coked in the Donbass itself, in the Dnepr region, in- 
cluding Krivoi Rog, and in the Crimea. Prepared Donbass coke is 
shipped north to operate the blast furnaces in the central region at Tula, 
Lipetsk, and others. Donets coal has for a long time made the most 
sulphurous of any of the world's well-known metallurgical cokes, averag- 
ing almost 2 per cent. This is because the sulphur in Donets coal cannot 
be removed by even the most assiduous washing processes. Here we 
must distinguish between sulphur in the underground supplies, in the 
raw coal mined, in the washed coal, and finally, in the end product, coke. 
As regards coal in the ground the average sulphur content of Donbass 
coals was reported in 1947 to be 3.1 per cent. Of total reserves only 
23.5 per cent are in the low-sulphur category (by Soviet standards) of 
up to 1.5 per cent sulphur, and about 61 per cent of the reserves con- 
tain over 2.5 per cent. The sulphur content of coking coal consumed in 
the Donbass coke plants has varied somewhat, as the following annual 
averages indicate: 1931, 2.60 per cent; 1932, 2.59 pex cent; 1940, 2.28 per 
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TABLE 22 


CHEMICAL PROPERTIES OF COKE FROM RUSSIAN 
COALS COMPARED TO COKE FROM FOREIGN COALS 
(per cent) 


Volatile Fixed 


Moisture Ash Sulphur matter carbon 
7.6 14.6 2.29 0.72 82.39 
[3s 12.5 1.93 1.30 84.27 
4.45 11.22 1,79 0.92 86.07 
Various Donets cous... 2.6... 06. 4 8.0 16.0 1.20 0.90 86.90 
2.2 10.33 1.50 0.60 85.37 
4.5 9.73 1.50 0.99 87.78 
5.0 9.5 1.33 1.90 87.27 
Kemerovo coal. 5.0 12.4 0.43 1.90 85.27 
Mixture of Prokop' 'evsk and — 
Osinovsk coal. 3.63 13.58 0.53 1.28 84.61 
Mixture of Prokop’ 'evsk and 
Leninsk coal, : vevapepe uL 13.52 0.55 1.17 84.76 
Mixture of Kuzbass and 
Karaganda coal; 3.7 13.35 0.57 1.05 85.03 
Karaganda coal..... 2.0 15.6 1.09 1.27 82.04 
Mixture of Prokop' evsk and Kizel 
Doni Mc PUE 4.6 16.1 1.42 0.92 81.56 
Mixture of Kizel and Karaganda 
E TANDE EE EES neca rac 4.34 16.18 1.65 1.45 80.82 
Durham (England) coal......... 3.97 8.42 1.00 0.80 89.77 
Ruhr (Germany) coal........... 7.3 10.16 1.98 1.96 85.90 
Silesia (Poland) coal. . 3.0 10.03 0.95 1.00 $8.02 
Belgian con]. ices. 2450 vyssaci ia 4.0 16.09 1.06 2.22 80.63 
Connelsville, Pa., anthracite...... 2.0 10.64 0.90 1.50 86.96 
Mids ose e Rer ee nner 21 21.9 0.56 0.98 76.56 


Source: M. A, Pavlov, Metallurgiia chuguna, chast’ I, vvcdenie syrje matcrialy (Moscow- 
Leningrad, 1948), p. 226. For those interested, Pavlov states the sources for the data on non- 
Russian coke on pages 218-221. The percentages for Russian coke add up to more than 100 
because they are figured on a dry-coke basis. 


cent; 1947, 2.75 per cent; 1949, 2.59 per cent. The improvement between 
1932 and 1940 reflects the more widespread beneficiation of the raw coal. 
The high rate in 1947 indicates that the damage caused by the German 
occupation to mines and beneficiation facilities had not yet been re- 
paired. Reconstruction, combined with widespread introduction of new 
beneficiation facilities, was able to lower the sulphur content in the 
coal mix down to the 1932 level by 1949. Sulphur can also be reduced 
somewhat in the process of coking, so that in each of the prewar years 
1933, 1937, and 1940 the sulphur content of coke produced in the 
southern works averaged 1.7 per cent. Noting the increased sulphur in 
the coal mix, Pavlov reported after the war, in 1948, that the average 
content in Donbass coke was 1.9 per cent. 

I have not come across any weighted average ash content for the 
coal reserves in the Donbass as a whole. One recent report said that the 
content in ordinary coking coal varied between 7.5 and 34.8 per cent. 
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The average ash content of the raw mixed coals delivered to the coal- 
washers of the southern coke chemical works averaged 14.3 per cent in 
the prewar year 1939, and 18.7 per cent in the postwar year 1946. Some 
of the ash could be removed by washing, so that its content in the mix 
charged into the coke furnaces was a few per cent lower, as the follow- 
ing annual averages for the Donbass indicate: 1931, 13.09 per cent; 
1932, 11.84 per cent; 1940, 12.1 per cent; 1945, 15.65 per cent; 1946, 14.4 
per cent; 1947, 14.47 per cent; 1949, 13.61 per cent. In spite of an am- 
bitious program of beneficiation, the ash content in 1949 was higher than 
it had been nearly two decades before. 

Ash content can be reduced a bit more in the coking process. Dur- 
ing the prewar decade the average ash content of Donbass coke fluc- 
tuated between the manageable amount of 10 and 11 per cent as fol- 
lows: 1933, 11.3 per cent; 1934, 10.1 per cent; 1935, 9.7 per cent; 1936, 
10.2 per cent; 1937, 10.65 per cent; 1942, 10.3 per cent. The postwar 
figures, if available, would doubtless show a considerable increase as a 
result of the higher ash content of the coal mix. 

In physical composition, Donbass coke is considered to be quite fri- 
able, but by allocating the better quality coke to the newer and larger 
equipment, it has proved possible to operate satisfactorily the giant blast 
furnaces with their heavy burdens. Soviet technicians, however, are con- 
cerned about this problem for the future. 

Another big drawback of Donets coal is its deposition, which greatly 
increases the costs of mining, especialy compared to the newer coal 
basins such as the Kuzbass." Before the Second World War Donets 
coal was mined at depths varying from 200 to 800 meters, with an aver- 
age depth of 450 meters. This increases the costs of bringing the coal to 
the surface and of maintaining surface installations and ventilation sys- 
tems. A second disadvantage is the extreme thinness of the seams, which 
rarely reach 1.5 to 2.0 meters and which average 0.95 meters. Further- 
more, the seams slope at unfavorable angles for efficient removal of the 
coal. The presence of high concentrations of coal gas increases the haz- 
ards of mining and the expenses of ventilation, and it is a continuing 
struggle to remove the large quantities of underground water. The Don- 
bass has been mined for almost a century and a half; and with every 
year difficulties of this type increase, as the English have learned from 
bitter experience in their own mines. 

In spite of all of these disadvantages, the relatively favorable loca- 
tion of the Donets basin has resulted in its continued expansion as a 
source of coke. Starting in the last quarter of the nineteenth century, 
coke production in the Donbass has risen rapidly, as is shown by the 
following figures (in tons and per cent of the nation's total).18 
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200,000 tons ee per cent 


4,100,000 
3,800,000 95.0 
7,300,000 87.0 

15,000,000 76.0 

15,900,000 75.7 


course, stopped during the Second 
World War, but available information indicates that it must have been 
restored to the prewar level by 1950 and that it has continued to rise 
thereafter. By October 1952 Donbass coal production was 24 per cent 
above the prewar level. With the post-Malenkov return to emphasis on 
heavy industry, the pressure to expand production in this coal basin has 
intensified. The 1955 Plan calls for an increase in Donbass production 
considerably greater than the increase of coal production in all of the 
rest of the country’s basins combined. 

Such rapid exploitation has dug deeply into Donbass reserves of 
coking coal, which were small to begin with.!? On January 1, 1935, coals 
of Type K made up only 4 per cent of the total reserves, and the sum of 
all the coals considered usable for coking comprised but 10 per cent of 
the total. At the same time coking coal made up about 45 per cent of the 
total output of the basin. When we consider the characteristics of the 
Donbass, it is obvious that such a ratio between reserves and exploita- 
tion could not long continue. Something was going to have to give way. 
Soviet leadership was aware of the dilemma, but other problems had 
priority during the high-pressure period of the 1930's. Very little was 
done to substitute low-grade for high-grade coals in the coke mix of the 
southern works, as Table 23 shows. Between 1933 and 1940 the share of 
top-grade coking coal (K) fell slightly from 24.6 to 22.2 per cent. Its 


TABLE 23 


COMPOSITION OF THE COAL MIX IN THE SOUTHERN 
COKE WORKS (per cent) 


Clinkering- 
Coking Fatty-steam steam Gassy Lean 
(K) (PZh) (PS) (G) (1) 
disait cd. EOD 49.6 21.4 0.1 4.3 
BOR tics: ADU 47.9 21.7 17 2.8 
23.4 53.4 18.4 2.6 2.2 
9: 20.5 53.1 18.7 6.6 1.1 
^ .. 22,2 51.3 18.4 7.5 0.6 
HO... n he e) OOP 56.7 13.6 3.3 — 
Meira. esito RI AD 48.4 13.8 9.9 = 
RE aeiiae 209] 44.9 18.4 13.6 — 
TEE = — — 14.8 — 
eS oe IM [———O-!Onewm ——MÜ — ———A«--— 


Source: Ia. M. Obukhovskii, "Ways of Widening the Gamut of Coals for Coking," Ugol’, 
1950, no. 4, p. 19. The 1950 figure for gas coal is from Ia. M. Obukhovskii, “About Widening 
the Resources of Coking Coal in the Donbnss," Planovoe Khoziaistvo, 1952, no. 1, p. 54. 
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place was taken by the next best grade, fatty-steam coal, also in short 
supply, whose share increased from 49.6 to 51.3 per cent. The noticeable 
increase in gas coal from 0.1 to 7.5 per cent simply replaced two other 
low-grade coals, clinkering-steam and lean. 

With restoration in full swing in 1945, the southern coke works 
turned more than ever to the better grades of coking coal. At this point, 
judging from the technical press, Soviet authorities really became con- 
cemed about the shortage of coking coal. As two authorities put it, "In 
recent years the question of the coal base for iron and steel has attracted 
very serious attention." *° 

Here again we catch a glimpse of the struggles that go on between 
different levels and sectors of Soviet administration. Plant management 
is, with a few exceptions, primarily concerned with short-run goals, with 
fulfilling the annual plan. Praise, publicity, and material rewards go to 
the plant directors for meeting and overfulfilling current objectives, but 
less concern is given to the effect that current behavior may have on 
the industry’s position five or ten years hence. Plant managers, therefore, 
continually call for the best possible quality of coking coal. Geologists, 
top planners, and staff members of the higher echelons of authority have 
to worry about future developments, and one often finds them pleading 
their case in the journals put out by the various academies, ministries, 
and the Gosplan. Hence we read in Ugofl (1950, no. 4, pp. 19-20), the 
organ of the coal ministry: 


In the battle for improving the performance of blast furnaces the metallur- 
gists require the largest possible share of this grade of coal [Type K] for the 
production of high-grade coke. However, in the deposits of the Donbass the 
reserves of these coals [Types K, PZh, PS] are insignificant. At the same time 
there are huge supplies of gassy coals . . . The prospective development of 
coke-chemistry in the immediate future, and also the elimination of the huge 
gap between geological reserves of coal of grades K, PZh, and PS and their 
consumption becomes for the coke-chemical industry an important state task.?! 


The main postwar effort to “widen the resources of coking coal in 
the Donbass" was to push the use of a larger proportion of gassy coal. 
The amount of this type rose from only 3.3 per cent in 1945 to 14.8 per 
cent in 1950. At the same time the percentage of another low-grade coal, 
clinkering-steam, was increased from 13.6 in 1945 to 18.4 in 1949. This 
increase permitted corresponding reductions in the use of the better- 
grade coals in short supply. 

The effort to cut down the share of the best type (K) of coking 
coal encountered technical difficulties, which may explain why most of 
the postwar saving was in the fatty-steam variety. Coke mixes consisting 
only of fatty-steam and gassy coal produce a weak, spongy, friable coke. 
A good share of Type K is needed in the mixture in order to create the 
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proper pressure against the walls of the coking oven at the critical mo- 
ment when the mass is changing from liquid to solid layers of material. 
However, attempts are being made to substitute gassy coal for Type K. 
The Stalino works was given great public acclaim when, on July 1, 1949, 
it was ordered to start using a coke mix eliminating the use of Type K 
altogether. In addition to the public acclaim, the Stalino works were 
encouraged to substitute gas coal for coking coal by a very substantial 
price differential, amounting to 20 rubles per ton. The mixture chosen 
consisted of 25 per cent gas coal, 45 per cent fatty-steam coal, and 30 
per cent clinkering-steam coal. The Soviets have reached the ultimate. 
They are now producing coke without using any coking coal! The new 
mixture, however, is too friable to use in any of the big new blast fur- 
naces of which the Soviets are so proud. 

The method of using 15 per cent gassy coal in the mix was developed 
at the Leningrad Polytechnical Institute. Another source says that in 
late 1948 the Ukrainian Coal-Chemical Institute was working on a 
method of adding lean coal, Type T, to the Donbass coke mixes in large 
quantities without increasing the friability of the coke. In 1950 and 1951 
the Novo-Makeevka works also carried on experiments designed to per- 
mit use of this type of coal by crushing it finely. The experimenters con- 
cluded that with special beneficiation equipment and with sinter plants 
for the iron ore, 10 per cent lean coal could be used in the mix, pro- 
vided that it was used only in small or medium-sized blast furnaces. 

According to Ia. M. Obukhovskii, writing in Planovoe Khoziaistvo 
in 1952, very little can be done to introduce more of the low-grade coals, 
because each works has its own mix requirements and will not exceed 
certain limits on the introduction of new coal. In fact, he reports, a 
cleavage has developed among Soviet scientists and technicians on this 
crucial question. One school believes that further introduction of the 
new coking-coal blends is bound to affect blast-furnace operation ad- 
versely one way or another, either through lower productivity or higher 
coke consumption. The second school, of which Obukhovskii is a par- 
tisan, affirms that this dilemma can be obviated in a planned socialist 
economy. Academician Pavlov, the outstanding technical expert in the 
Soviet iron and steel industry, has his own solution: "In spite of the 
scanty supplies of coking coal in the Donets basin, one need not fear a 
lack of coke in the further development of pig iron production in the 
Soviet Union. One need only envisage the shift in the center of gravity 
of pig iron production farther east." ?* 


Kuznetsk Basin 


The Kuznetsk basin, with 450 billion tons of reserves (see Table 24), 
is, next to the Appalachians in the United States, the richest coal region 
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in the world. Furthermore, these gigantic supplies are concentrated in a 
coal-bearing area of 26,000 square kilometers, smaller in extent than the 
Donbass. The basin has the form of an irregular quadrilateral, bounded 
on the northeast by the mountain ridge of the Kuznetsk Altai and on the 
southwest by the Salairsk Ridge. On the south and southeast it is 
bounded by a spur of these ridges. Only in its northwestern reaches does 
the basin open into the West Siberian Plain. In 1946 this area provided 


TABLE 24 
REGIONAL DISTRIBUTION OF USSR COAL RESERVES, 
JANUARY 1, 1937 


Region Million tons 
European part of USSR. . —————— —— n THOT 
European part of RSFSR.. ER M — 24,117 
Moscow basin. seu etetaiaiees Dite cune Leine od ABT 12,400 
Urals. . 4 


North Caucasus... .. PEE a 
Pechora basin... 
Ukraininn SSR 65e en rope see 
Donets basin OPEN 
Georgian SSR. 
Armenian SSR. .. 
Asiatic part of USS 
Asiatic part of RSFSR 
Kuznetsk basin. . 
Minusinsk basin 
Chulymo-Enise| 
Kansk basin... 
Irkustsk and Trans-B. 


Bureinsk basin. 26,116 
Kazakh SSR. 62,798 
Karaganda b 52,696 
Turkmen SSR 3,538 
Kirghiz SSR. 10,046 
Tadzhik SSR 2,175 
Uzbek SSR...... 4,186 
Miscellaneous regi 756,020 
Total USSR. 1,654,361 


Source: S. M. Veingarten, Ekonomika i planirovaniia chcrnoi metallurgii SSSR (Moscow, 
1939), p. 158. These are geological reserves, including A, B, and C categories. These categorics 
have been defined in Table 19. 


75 per cent of all the coking coal consumed in the vast subcontinent of 
Soviet Asia, from the western slopes of the Urals to the Pacific Ocean. 
Before the war the Kuzbass provided only 19.3 per cent of all Soviet 
coking coal, but by 1945 its share had risen to 57 per cent. 

Within the Kuzbass are six important coking-coal regions. On the 
southern edge is Osinovsk, twenty-five kilometers southeast of the city 
of Stalinsk. About thirty-five kilometers northwest of Stalinsk lies Pro- 
kop'evsk, the “pearl” of the Kuzbass. The Kiselevsk region is a northern 
extension of the Prokop'evsk deposits. The Leninsk region is located in 
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the center ‘of the basin at Kol'chugino station by the steel works. Much 
further north is the coking-coal region north and southwest of the city 
of Kemerovo. The Tom' River divides this deposit into two halves. At 
the extreme north of the basin lies the region of Anzhero-Sudzhensk 
along the Trans-Siberian Railroad, about 280 kilometers north of the 
southernmost deposit at Osinovsk.?8 

The latest historical research affirms that coal mining began in the 
Kuzbass during the 1770’s, The maximum output for any year through- 
out the nineteenth century occurred in 1885 with the production of 
40,000 tons. The first large-scale consumer, the Trans-Siberian Railroad, 
began to use Kuzbass coal in 1897, and by 1913 was taking almost all of 
the 773,100 tons turned out that year. Ninety-eight per cent of this 
tonnage came from the Anzhero-Sudzhensk region. The first coking plant 
was built in 1916 at Kemerovo and then rebuilt in 1923 to supply the 
coke required in some of the partially converted old charcoal iron works 
of the Urals. The big spurt in coking-coal production occurred in 1932 
with the opening of the big metallurgical coke works at Kuznetsk and 
Magnitogorsk in the Urals. In 1940 at Nizhnii Tagil and in 1944 at 
Cheliabinsk, two more big Ural plants began to coke Kuznetsk coal for 
new iron and steel plants. 

Kuznetsk coking coals are quite different from those of the Donets 
basin. They present no serious sulphur problem; the sulphur content 
fluctuates within the limits of 0.3 to 1.0 per cent and averages about 0.5 
per cent. The phosphorus content (0.04 to 0.045 per cent), however, is 
too high for the manufacture of Bessemer steel. Moisture content is 
relatively low, averaging about 5 per cent, which is approximately the 
same as the Donbass. 

Ash in the various coking coals of the Kuzbass fluctuates from 6.2 
to 17.1 per cent. It is difficult to interpret the statistics on this problem, 
which do not always distinguish between coal in the ground, raw mined 
coal, washed coal, and coke. Furthermore, the ash content has been ris- 
ing as the better coals are used up. Nevertheless, reports following the 
last war indicate an average ash content in the raw mined coal of about 
14 per cent, which can be reduced to 10 per cent by beneficiation. The 
actual averages remaining in the coke are 12.5 to 13.5 per cent, which 
makes Kuznetsk coke worse in that respect than coke from the Donets 
basin (see Table 22). 

Coals of the Kuzbass yield good-quality, low-sulphur coke. The prin- 
cipal deficiency of this coke is its friability. In the late thirties, at least, 
Kuznetsk coke was uniformly and quite noticeably weaker than Donbass 
coke. This causes particular difficulty in the long-haul from the Kuzbass 
to the Urals, during which the coke breaks down into powder and forms 
large quantities of so-called “coke-breeze.” Unfortunately, coke from 
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the Kemerovo works, which has to be shipped over a thousand miles by 
railroad, is much more friable than coke made at Kuznetsk and Magnito- 
gorsk. 

The Kuzbass coals not only produce higher quality coke than the 
Donbass coals, but because of favorable deposition are also much more 
economical to mine.” The depth of the great bulk of coal varies between 
100 and 200 meters and averages 150. The seams reach the exceptional 
thickness of 14 meters and average 4. The coal-bearing density is very 
high, with enormous reserves concentrated in a limited area. The co- 
efficient of coal-bearing density, or the per cent of coal to total thick- 
ness including rock, is 3 to 7 per cent. In the Prokop'evsk region it 
reaches 10 to 12 per cent, which is fifteen times better than the Donbass. 
Moreover the slope of the seams permits easy extraction. Finally, the 
Kuzbass is relatively free of gas and water seepage in comparison with 
the Donbass. 

The reserves of the Kuzbass at first appear to be practically un- 
limited. Four hundred and fifty billion tons should last for thousands of 
years. Not until after the Second World War did indications begin to 
appear that there might be a real shortage of Kuzbass coking coal. Start- 
ing in 1946, statements like the following appear with increasing fre- 
quency in the technical literature: "The Magnitogorsk combine has 
experimented with the manufacture of coke from a mixture including 
Leninsk gas coal, which was dictated by the necessity of making up the 
shortage of other types of coking coal. On orders from the ministry the 
utilization of gas coal was not to worsen the quality of the coke.” °° Cer- 
tainly the ministry was not requiring the use at Magnitogorsk of low- 
grade coal shipped 2,300 kilometers from the Kuzbass unless there was 
a critical shortage of available reserves of good coking coal! 

P. Ia. Samoilovich, in Ugol (1946, no. 9), spells out the shortage with 
remarkable candor. He presents a table giving the share of each of 
twelve types in all known (A + B) reserves, their share in 1945 output 
of all types of coal, and the parts thereof that were coking coal. The 
classifications are somewhat different from those of the Donbass coals, 
but the group that corresponds to the best Donbass grade, Type K 
(18-26 per cent volatile matter), makes up only 7.8 per cent of the 
total known Kuzbass supplies. In 1945, however, this grade made up 
11.4 per cent of the Kuzbass output. On the other hand gas coals, cor- 
responding to Donbass Type G, made up 21.3 per cent of the reserves, 
but only 3.5 per cent of the coking-coal output. The picture at the 
depths of the mines as they existed in 1945 was much bleaker. At these 
levels the known reserves of coking coal, Type K, were expected to last 
eight to ten years and reserves of the next best type, PZh or fatty-steam 
coal, for the same eight to ten years. When we go beyond existing levels 
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and take account of total geologically prospected supplies, we find more 
coking coal in absolute quantities, but their relative share is extremely 
small— 3.7 per cent for Type K and g.1 per cent for Type PZh. I£ 
such a report were published about the Appalachian coal fields, and at 
the same time it were known that the situation in Illinois were even 
worse, it would create quite a stir among American steel executives. 

Under the pressure of war, the better coking coals at Kuznetsk were 
ruthlessly exploited. During the war years, 1940 to 1944, total Kuzbass 
coal output rose 38 per cent, but the output of coking coal rose 100 
per cent, or to precisely double the prewar level. In the immediate post- 
war years, before remedial steps could be taken, the consumption of 
Kuzbass coking coal continued to rise, and by 1946 it reached 220 per 
cent of the prewar level. The necessity of turning out steel behind the 
Urals was a question of life or death for the Soviet Union. To maximize 
output the blast furnaces needed the best possible coke, and the long- 
run effect on the quality of the coal reserves had to be ignored. The best 
coking coal was mined selectively, and the rest was simply left in the 
mines. 

This process shows up in the war records of the individual mines. At 
the Stalin mine the share of the best quality coking coal (K) in total 
production increased from 36.4 to 78.7 per cent, second-grade coking 
coal (Kz) fell from 31.5 to 21.3 per cent, and energy coal dropped from 
32.1 per cent to nothing at all. At the Voroshilov mine Type K jumped 
from 54.6 to 98.0 per cent, Type Ke dropped from 17.0 to 2.0 per cent, 
and energy coal from 28.4 per cent to zero. By 1945 the over-all con- 
sumption of Kuzbass coking coal, Type K, was 187 per cent of 1940 and 
of fatty-steam coking coal (PZh) 245 per cent of the 1940 level. At the 
same time the consumption of gas coal for coking had fallen to 70 per 
cent of the prewar level. In 1940 gas coal made up 13.5 per cent of 
the total shipped to the coke plants, but only 7 per cent in 1945. 

As Samoilovich's article in Ugol’ made very clear, the prospects of 
increasing the output of good coking coal during the Fourth Five Year 
Plan were extremely limited. 

Because the opening up and preparation of reserves at lower levels should 
take at least three years, we are forced to conclude that we cannot expect in 
the immediate years of the Fourth Five Year Plan an intensive increase in the 
output of coals of Type K, Ks and PZh. Therefore, all of the much-needed 
intensification of the mining of these types up to 1949 is limited to the possi- 
bilities at levels currently in exploitation. 

There was only one way out of this impasse — to increase the use of 
lower-grade coals for coking. 

The biggest possibilities for expansion lie in the use of the large 
reserves of gas coal of the Leninsk region, and as a supplement those 
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of Anzhero-Sudzhensk. The Soviets began very extensive experiments 
with them at least as early as 1939, a fact which shows that the shortage 
of coking coal has been foreseen for a long time. In 1940 a commission 
from the Academy of Sciences experimented with a mixture of 5o per 
cent Leninsk gas coal and 5o per cent Karaganda coal These experi- 
ments were taken up again after the war. How successful they were 
depends on whose reports you read. The journal of the coal industry, 
Ugof, referring to the 1940 experiments, noted that although the coke 
was extremely friable, "nonetheless the blast furnace operated com- 
pletely satisfactorily.” 2? 

The journal of the steel industry takes a dimmer view. A Magnito- 
gorsk engineer wrote a letter to the editor of Stal’, replying to an earlier 
optimistic article, in which he described reporting on experiments con- 
ducted at Magnitogorsk with the “recommended” mix of 70 per cent 
Karaganda and 30 per cent Osinovsk coke. "Late on September 9, 1946, 
blast furnaces 1, 2, 3, and 4 [at Magnitogorsk] began to use this coke. 
Within twenty-four hours serious trouble began, and within forty-eight 
hours production in all of these furnaces was completely disorganized. 
Output dropped to 78 per cent from September 10 to September 11...” 
With biting sarcasm the steel engineer concluded, "In spite of the "very 
pleasing results' of the experiments we shall not get good coke for the 
blast furnaces.” ?? The only really satisfactory results were reported at 
Kuznetsk, where a mixture containing only 8 per cent gas coal was used 
successfully in 1947. 

The Soviets had no choice in the matter, however, and they have 
continued to introduce and use more lower-grade Kuznetsk coals, pur- 
suant to a decree issued by the Ministry of Iron and Steel on July 26, 
1946. These measures, along with considerable capital investment in the 
expansion of mining and coal-beneficiation facilities, may have tided 
them over the critical period predicted for 1946-1949. Nonetheless, the 
problems are not ones that can be wished away, and we continue to 
find complaints in the daily press calling attention to the shortage. 

In February iggi the coke-oven operators and foremen of Blast 
Furnace No. 4 at Magnitogorsk complained that all during 1950 and 
through January 1951 they had received too much high-ash and less 
than the prescribed amount of low-ash coking coal from the Kuzbass. 
Tbe responsible mine spokesman replied a month later that the mines 
had produced plenty of low-ash coal for Magnitogorsk, but that it had 
been diverted to the local Kuznetsk steel plant. Taken to task for this 
diversion, a spokesman for the coal distribution organization blamed 
it first on the failure of the mines to produce good coal according to the 
plan, then on the coke industry's failure to plan shipments, and finally 
on the railroad's failure to plan transport sensibly. It seems that the rail- 
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roads require all trains to Magnitogorsk to be double normal weight, but 
it takes too long for one mine to fill such big trains with uniformly good 
coal To avoid paying penalties for hoarding railroad cars they are 
routed through high-ash mines for the balance of the big load. Finally 
somebody else discovered that the Cheliabinsk coke works had been 
getting some of the good coal destined for Magnitogorsk and saying 
nothing about it. 

More recently a mining spokesman complained that the Kuzbass com- 
bine fell more than 300,000 tons short in the extraction of coking coal in 
the year 1955 alone, because of failure to open new pits and strip mines. 
He called for down-grading the specifications of the coking chaxge in 
order to expand the basin's exploitable resources of coking coal. "Un- 
fortunately,” he complains, "these proposals meet with no support from 
officials of the USSR Ministry of Iron and Steel." ?» 

Aside from lifting a corner of the curtain that hides the continual 
administrative bickering that goes on in Soviet industry, what is the 
significance of this apparently petty squabbling? According to the basic 
rules of "self-criticism," the Soviet press encourages criticism of individ- 
ual administrative incompetence; but nobody dares publish in Pravda, 
for all the world to see, the real cause at the bottom of all trouble — the 
shortage of good coking coal9? This shortage may be one reason why 
no new blast furnaces have been built or even planned since the com- 
pletion of the first four blast furnaces at Kuznetsk in 1934 and why only 
one blast furnace using Kuznetsk coal was completed between early 
1945 and late 1948 at Magnitogorsk — and that furnace had been started 
during the war. 


Karaganda 


The third most important coking-coal basin in the Soviet Union lies 
230 kilometers by railroad southeast of Akmolinsk at Karaganda.*! Bitu- 
minous coal was discovered in 1833, and in the hundred years following, 
Karaganda produced a total of 1,180,000 tons. In 1932 the basin was 
opened up by the construction of a railroad, and by 1934 it was produc- 
ing more coal in one year than it had in one century, much of it going to 
Magnitogorsk as a supplement to Kuznetsk coal for coke and to supply 
the combine with energy fuel at less expense than hauling coal all the 
way from Kuzbass. Up to 1949, at least, Magnitogorsk was the sole con- 
sumer of Karaganda coking coal. When the new blast furnaces are com- 
pleted at Temir-Tau there will be a second consumer adjacent to the 
coal fields, a situation that may explain why the production of Karaganda 
coking coal is scheduled to increase by 54 per cent during the Fifth Five 
Year Plan. 

Reserves total over fifty billion tons of bituminous coal. The main 
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problem of using Karaganda coal for coking is concerned. with its ex- 
tremely low quality, rather than with any apparent limits to its quantity. 
Indeed, it is only by stretching the imagination that Karaganda coal can 
be called coking coal at all. Although not so bad as Donbass coal, Kara- 
ganda coal is very high in sulphur, which in each of the sixty strata 
varies from 0.4 to 2.6 per cent, with a weighted average of 1.1 per cent. 
Selective mining can keep the average of sulphur in the coal produced 
slightly under 1 per cent. With volatile matter averaging about 30 per 
cent in the coal used for coking, it falls in the class of fatty-steam coal, 
except for certain beds which come within the clinkering-steam class 
(12-18 per cent). 

The most serious disadvantage of Karaganda coal is its extremely 
high ash content, which in the various stata of coking coal varies from 
14.4 to 32.9 per cent. The ash content of the raw coal mined stays close 
to 20 per cent, as the following annual averages show: 1932, 20.19 per 
cent; 1933, 19.78 per cent; 1934, 18.64 per cent; 1940, 19.70 per cent. 
The Russians have found it absolutely essential to enrich this coal to 
reduce the ash content, but even so the finished coke will end up with 
an ash content of almost 16 per cent, which, along with other drawbacks, 
makes it out of the question to use straight Karaganda coke in a blast 
furnace. Harsh climatic conditions also lessen the quality of the coal. 
In the summer big winds contaminate it with desert sand, and in winter 
it is frozen hard with ice and snow. 

The deposition of Karaganda coal is very favorable. Coal is extracted 
at a depth of 65 to 100 meters; the average thickness of the seams is 
2.31 meters, and the coefficient of coal-bearing density averages 4.65 per 
cent. Therefore in spite of the other disadvantages of using it, the Rus- 
sians have constantly increased the share of Karaganda coal in the 
Magnitogorsk coke mix year after year, as the following data reveal: 
1936, 19 per cent; 1938, 27 per cent; 1947, 35 per cent; 1948, 40 per 
cent. The tenor of the discussion in the technical press indicates that in- 
creasing the share of Karaganda coal above 40 per cent has such adverse 
effects on blast-furnace operation as to be economically unfeasible, given 
the present state of technical knowledge. 

The recent completion of the section of the South Siberian Railroad 
between Akmolinsk and Pavlodar makes possible the eventual utilization 
of what is purported to be the richest coal field in Kazakhstan, at Eki- 
bastuz. Before the revolution Ekibastuz was used by an English com- 
pany to smelt lead, for which purpose a narrow-gauge railroad line was 
built 115 kilometers eastward to the Irtysh River. The coal seams have 
been reported in the press to be over 100 meters thick and to lie close 
enough to the surface for open-pit mining. In 1948 work began on a 
mine that was to produce 600,000 tons a year. Since then the sights have 
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been raised, and its capacity is now planned to be 3,000,000 tons a year. 
Pravda, on May 4, 1955, advocated planning for "several tens of millions 
of tons of coal a year in the near future.” 32 Nonetheless the work is 
dragging, and the first open-pit mine had not been completed after seven 
years of construction activity. In order to assess the importance of this 
deposit, we shall have to wait for more sober reports from the scientific 
and engineering journals. 


Kizel Coal Basin (Urals) 


The Kizel coal basin lies on the western slope of the Urals in the 
northeastern part of Molotov Oblast.?? Coals used for coking are mined 
in the center of the region and are loaded along the Chusovaia-Solikamsk 
railroad. The first attempts to use Kizel coal to smelt pig iron followed 
the great forest fire of 1786, which destroyed charcoal supplies. The at- 
tempt was abandoned, however, because the resulting sulphur fumes 
asphyxiated the workers. The high sulphur content of Kizel coal would 
prohibit its use were it not for the utter lack of decent coals in the entire 
iron and steel region of the Urals. For this reason attempts have been 
made ever since 1825 to make coke out of Kizel coal. 

The chemical analysis of Kizel coal sounds like a metallurgist's night- 
mare. Sulphur in the reserves of the basin averages 6.1 per cent. By 
careful beneficiation this can be reduced to from 3.0 to 3.8 per cent, but 
the coke itself still retains 2.6 to 3.0 per cent. As if this weren't bad 
enough, the ash content of the raw coal in the different seams of coking 
coal varies between 13.5 and 26.9 per cent, averaging 22.4 per cent. Dur- 
ing 1941 the raw mined coal delivered to the Gubakha coke plant aver- 
aged 23.6 per cent ash. Moisture content is low (3.5 per cent), but 
volatile matter very high, having an average of 41 per cent in the "cok- 
ing" coals. Furthermore, there is an inverse relationship between good 
coking qualities (fusibility, for example) and the content of undesirable 
admixtures. The best coking coals are found in the Kalinin and Iritsk 
mines; they average respectively 23 and 26 per cent ash and 6.5 per cent 
sulphur. 

Enough has been said to make it abundantly clear that coke made 
from straight Kizel coals cannot possibly be used in blast furnaces. Never- 
theless, it is so expensive to supply coal to the Urals from outside sources 
that continual efforts are made to use Kizel coal as one component of 
the mix for Urals metallurgical coke. The famous chemist Mendeleev, 
traveling through the Urals at the end of the last century, decided that 
by mixing Kizel with other coals coke could be manufactured. A series 
of experiments with the use of coke made in part from Kizel coal were 
undertaken in 1939 and 1940. The results of these experiments are re- 
ported to be very encouraging, especially in view of the chemical and 
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physical properties of the horrible coal that they are using. One author, 
Krasavtsev, describes in great detail the beginning of an experiment with 
Blast Furnace No. 1 at Novo-Tagil, which was blown in on June 24, 
1940, at 5:45 p.m. For the blowing-in operation they used good coke 
from Magnitogorsk, but immediately thereafter they shifted to the use 
of local coke made from a mixture of 5o per cent Kizel and 5o per cent 
Kuznetsk coal, Krasavtsev proceeds to give the coke's chemical analysis: 
15.85 per cent ash, 1.50 per cent sulphur, and so on. Then his description 
stops abruptly. Instead of announcing dramatically that the key to the 
search for a coking-coal base in the Urals has been found, he starts talk- 
ing about something else. 

To learn the disheartening results of the experiment we must turn 
to a 1947 issue of Stal’, which carried on (for the information of metal- 
lurgists) where Krasavtsev (who was writing a handbook for foremen) 
left off. Sta? had the following to say about the experiment of Novo- 
Tagil and similar ones carried on at Magnitogorsk with 50-55 per cent 
Kizel coke: 


it was accompanied by slow operation of the furnaces and frequent sagging 
(chastymi podvisaniiami) of the mix. Gas pressure was sharply increased, thus 
requiring a reduction in its quantity; the productivity of the furnace fell; the 
tuyéres usually worked hot . . . 

Coke made from a mixture containing significant additions of Kizel coal is 
distinguished not only by high ash and sulphur content, but also and especially 
by lumpiness, great fusibility, small fracturability, with a large quantity of big 
fractures and high specific gravity (lack of desired porosity)?! 


The inability to use large amounts of either Kizel or Karaganda coal 
in the coke mix of the Urals iron and steel plants has not only great eco- 
nomic but also strategic significance. If the Urals were to be cut off from 
their distant source of coking coal in the Kuznetsk basin of western 
Siberia, there would be little possibility of producing the high-quality, 
sulphur-free pig iron required in modern armaments, and the blast fur- 
naces would operate under severe handicaps and in time might even 
break down altogether. This disquieting thought has, no doubt, also oc- 
curred to Soviet leaders and led them to redouble their efforts to develop 
a new source of good coking coal for the Urals. It is to this potential 
new source that we now turn our attention. 


Pechora Basin 


Because of a complex pattern of resource and transport limitations 
that inhibit expansion in other directions, the coals of the Pechora Basin, 
above the Arctic Circle, are vital to the future expansion of the Soviet 
iron and steel industry.?* The eastern boundary of the deposit lies along 
the middle course of the Vorkuta River, a branch of the Pechora, at the 
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terminus of a new railroad that was rushed to completion through the 
wild and forbidding territory of north European Russia. The basin is 
divided into a number of regions. For the manufacture of metallurgical 
coke three of these regions are important — Vorkuta, Syr-Iaginsk, and 
Khalmer-Iusk. Of these three the one most studied and exploited is Vor- 
kuta, which contains over 75 per cent of the known reserves and from 
which over go per cent of current output is produced. Large-scale op- 
erations began there during the Second World War, when the railroad 
was pushed through in order to supply north-central European Russia 
with coal in the place of supplies from the Donbass. 

The deposition of the coal is more favorable than that of the Donbass. 
The average thickness of the seven best seams of coking coal varies from 
0.56 to 2.73 meters. The coefficient of coal-bearing density is four times 
as great as that of the Donbass. The weight of coal reserves per square 
kilometer is 10 million tons, compared to 4.65 million in the Donbass. On 
the other hand great difficulties are encountered because of the arctic 
climate, which increases the cost of living quarters and facilities for the 
workmen and is largely responsible for the fact that wage rates are 8o 
per cent higher than those of the Donbass. Taking all of these things 
into consideration, it costs about 5o per cent more per ton to produce 
Vorkuta coal than to produce Donbass coal. The quality of Vorkuta coal, 
however, is superior to that of Donbass coal. Sulphur content is high 
but not prohibitive; in the seven best seams of coking coal, it averages 
from 0.61 to 0.92 per cent. Phosphorus is practically nonexistent, varying 
from 0.0007 to 0.0074 per cent. Volatile matter in these seams varies, on 
the average, from 29.5 to 31.5 per cent, and moisture content is close to 
5 per cent. Great difficulties come from the high content of ash. In the 
average of the total reserves it is not so high (up to 16.5 per cent), but 
as it comes out of the mine shafts it averages about 18 per cent, varying 
in different mines from 16 to 32 per cent. 

This high ash content necessitates preliminary enrichment before the 
coal can be used for metallurgical coke. Certain variable characteristics 
of the coking coal make it necessary to subject it to a dual process of 
enrichment, by both pneumatic and wet-wash methods. In order to mini- 
mize the cost of transport it is highly desirable to perform the enriching 
operations at the mines. Otherwise the railroad will be forced to carry 
an extra io to 11 per cent ballast some 1,800 kilometers to the proposed 
new steel plant. The trouble is that wet-washing increases the water 
content of the coal so that under arctic conditions it freezes as hard as 
a rock. Just how to resolve this problem has not been decided. 

Coke made from enriched Vorkuta coal contains 11 to 13 Per cent 
ash, 0.5 to 1.1 per cent sulphur, and up to 0.003 per cent phosphorus 
(good for Bessemer iron). In physical composition it is strong (not fri- 
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able) and stands up well under the drum test. However, it is spongy and 
very easily fractured and split. To get high quality metallurgical coke, 
therefore, it is necessary to add 15 to 20 per cent lean coal from some 
other deposit. For some time this addition came from the Donbass or 
even all the way from the Kuznetsk basin, until it was discovered that 
the second region of the Pechora, the Syr-Iaginsk deposit (an extension 
of Vorkuta), could provide the necessary low-volatile admixture. In 1946 
experiments using 8o per cent fatty coals from Vorkuta and 20 per cent 
thin coals from the region of the Upper Syr-Iagi had given good metal- 
lurgical coke. 

Northeast of Vorkuta is the Khalmer-Iusk deposit, also part of the 
same geological formation, which preliminary prospecting has indicated 
to be quite promising. It has thirty-two coal seams large enough to work 
(from 0.6 to 2.48 meters). Most of the seams are rather low in sulphur 
and possess good coking qualities, belonging to the coking class ac- 
cording to their content of volatile matter. Their chief drawback seems 
to be an ash content (14.3 to 28.7 per cent) considerably higher than 
even that of Vorkuta coals. This is a very serious drawback, since these 
coals are difficult to enrich. 

Pechora has been selected as the coal base for the new northwest 
works being built at Cherepovets, near Leningrad. As we shall see in the 
following chapter, however, its iron ore base is not only very far from 
the works but also extremely poor in quality. The potential expansion 
of this works, therefore, is quite limited. Pechora has a much greater 
potential as a coking-coal base for the iron ore resources of the Urals. 
When all the facts have been considered, the reader will probably agree 
that any sizable expansion of the Soviet iron and steel industry inevitably 
requires the smelting of Urals ore with Pechora coking coal. 

The advocates of the northwest works take pains to play down this 
Pechora-Urals development, fearing that it may interfere with the com- 
pletion of their own project. But the logic of joining Pechora with the 
Urals is inescapable, and the idea is receiving serious consideration and 
support. The Five Year Plans are notorious, of course, for expressing 
pious hopes about future developments that never occur. Nevertheless, 
we are told in Gornyi Zhurnal (1947, no. 11, p. 8) that the Fourth Five 
Year Plan called for "preparation of industrial supplies for the construc- 
tion of a new iron and steel works in the northern Urals." On rare occa- 
sions someone in the economic press will put in a plug for it. 

The following recommendations, which appeared in Pravda on Sep- 
tember 12, 1945, make better economic sense than any other proposals 


for the expansion of the Soviet steel industry that have come to my at- 
tention: 
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The main reason for the fuel difficulties is that Urals iron and steel plants, 
especially during the war, increased their use of long-haul fuel [oil and 
Kuznetsk coal]. At the same time consumption of the basic local fuel, char- 


coal, sharply decreased . . . In order to avoid a fuel shortage in the future 
the Urals iron and steel industry must restore its charcoal metallurgy [shades 
of Peter the Great!] . . . The question has arisen of building a metallurgical 


plant in the northem Urals, making use of the Pervyi Severnyi iron mines. It 
would be expedient to build the first section of the plant on a charcoal basis, 
since the area contains untouched timber areas. Simultaneously it would be 
expedient to begin constructing a railroad connecting the northern Urals with 
the Pechora coal basin. This would transform the northern Urals into one of 
the largest iron and steel centers of the country. 


The construction of a railroad 300 miles long under extremely harsh 
climatic and topographical conditions would require an enormous in- 
vestment, and appears to be the main deterrent to the Pechora plan. 
Regardless of the cost, the government was at least considering the prob- 
lem in 1951: "The experience of the joint commission of the Institute of 
Economics, Urals and Komi Affiliates, in the preparation of materials 
for the government on the question of the formation of a new Urals- 
Pechora coal metallurgical base appears to be successful.” 36 


Eastern Siberia 


The station of Cheremkhovo, on the Trans-Siberian Railroad 150 
kilometers northwest of the city of Irkutsk, is the center of a basin con- 
taining some low-grade coking coal?* The energy coals of the Che- 
remkhovo basin now provide the main fuel supply for eastern Siberia. 
Between 1945 and 1950 the Cheremkhovo output nearly doubled. Total 
supplies of bituminous coal run into many billions of tons. Almost all of 
the extraction is now carried on by the open-pit method because the 
seams are, as a rule, at a depth of less than twenty-five meters. 

The high content of volatile matter, averaging 45 per cent, puts the 
Cheremkhovo coal in the class of long-flame (non-coking) coal. Moisture 
content (10 per cent) is just double the required amount for good cok- 
ing. The average sulphur content is reported at 1.3 per cent for the basin 
and at 1.0 per cent in one of two seams of cokable coal. This is less than 
Donets coal, but very high by Western standards. The ash content in the 
seams of cokable coal varies from 10.0 to 33.7 per cent. This extremely 
unfavorable chemical composition may have influenced the Soviets to 
abandon the project, included in the Third Five Year Plan, of building 
a new iron and steel plant near Irkutsk, based on Cheremkhovo coal and 
Angaro-Ilimsk iron ore. 

On the other side of Lake Baikal the only deposit of usable coking 
coal in Eastern Siberia seems to be Bukachacha, situated at the end of a 
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spur from the Trans-Siberian Railroad running due north from Pashennaia 
station, about 130 kilometers northeast of Nerchinsk. In 1939 this was 
planned to be the coking-coal base for the Petrovsk-Zabaikal'skii blast 
furnaces. If it is now performing that function, the coal must be hauled 
west 560 kilometers as the crow flies, and much further by rail. Of six 
test samples of coking coal taken in the thirties, the sulphur content 
varied from 0.61 to 1.56 per cent, volatile matter from 27.52 to 39.15 per 
cent, and moisture from 0.74 to 3.85 per cent. In these respects it is su- 
perior to Cheremkhovo coal, but in another important respect it is worse: 
its ash content, which in 1948 was reported to vary between 19.0 and 
30.1 per cent. The difficulties caused by ash in the Karaganda and Kizel 
coals have been described above, and both of them have less ash than 
Bukachacha. This high proportion of ash in the Bukachacha coals may 
account for the probability that production of coke pig iron at Petrovsk- 
Zabaikal'skii has been abandoned. 

To complete the list of coking coals in eastern Siberia, we should 
mention the deposits at Norilsk, Vladimirovsk, and Zabituisk. The No- 
rilsk coal, which has an ash content of 18.6 to 24.0 per cent, is not used 
to make coke for ferrous metallurgy but is used to produce coke for the 
nonferrous metallurgical plants at the mouth of the Enisei. The Vladimi- 
rovsk and Zabituisk deposits have been mentioned as possible sources 
of coking coal, but neither has actually been exploited. The Vladimirovsk 
coals contain volatile matter up to 52.0 per cent, sulphur up to 2.4 per 
cent, and ash up to 30.0 per cent. The Zabituisk coal averages 50.0 per 
cent volatile matter, 16.0 per cent ash, and 5.2 per cent sulphur. 


The Far East 


Coal supplies for the Amurstal’ works, which is being built by de- 
grees at Komsomol'sk in the Far East? lie anong the Bureia River on 
the western slopes of the Bureia range (52° N, 133? E) upstream from 
the Trans-Siberian Railroad. (This deposit must not be confused with 
the deposit of lignite coal also along the Bureia River, reached by a spur 
line running downstream from the main line of the railroad.) 

The seams of coal vary greatly in thickness, capacity, and quality. 
In the northern section of the Bureia basin, nine out of nineteen seams 
are of industrial significance, from 0.7 to 2.0 meters thick, and in the 
southern sector they range from o.8 to 3.0 in average thickness. Total 
geological supplies were reported in 1937 to be enormous, totaling 26,- 
116,000,000 tons. It is very doubtful, however, that more than a very 
small share of the total would make good metallurgical coke, if for no 
other reason than that its ash content is currently reported to average 
from 25.4 to 39.9 per cent in the sections ticketed as coking coal. In May 
1937 the volatile matter in the coking coal was reported to be 36.0 to 
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45.0 per cent and sulphur from 0.2 to 0.3 per cent. No less an authority 
than Bardin pointed out, in May 1953, that the Jong-delayed production 
of pig iron at Komsomol'sk had to await solution of the thorny problem 
of enriching the coking coal. 

Coals of the Barsukovyi bed of the Suchan basin, 141 kilometers from 
Vladivostok, have long been used to provide small local iron works with 
coke. The coking coal contains volatile matter within the limits of 15.0 
to 28.0 per cent, and an average of o.5 per cent sulphur, but more ash 
than any Soviet coking coal so far discussed, from 20.7 to 40.7 per cent. 
From the point of view of quality, this coal could not hope to compete 
with the supplies of Russia's Chinese allies across the border in Man- 
churia. Considering also the absolute lack of good iron ore in the Far 
East and its abundance in nearby Manchuria, it would make good eco- 
nomic sense for the Soviets to finish the single, symbolic, blast furnace at 
Komsomol'sk and then to rely on Manchuria to provide the bulk of the 
iron and steel needed in the Soviet Far East. 


Central. Asia 


In 1939 the only known deposit of bituminous coal in central Asia 
was the gas coal of Kok-Iangak, at the eastern end of the Fergana Valley 
over the border in the Kirghiz SSR.9? From 1932 to 1934 it produced 
around 100,000 tons each year. The average chemical analysis during 
those three years varied between the following limits: Moisture, 13.75 
to 14.30 per cent; volatile matter, 34.17 to 36.01 per cent; ash content, 
16.80 to 19.00 per cent; and sulphur, 2.15 to 2.31 per cent — which would 
look like good coking coal only to one of the enthusiastic local boosters 
of industrialization in central Asia. A second coal deposit was discovered 
at Angren near Tashkent, in Uzbekistan, where mining began in 1940. 
The shallow seams permitted strip mining, and by 1953 Angren was turn- 
ing out about 40 per cent of all the coal mined by the Central Asian Coal 
Trust. Angren, however, produces only lignite, not coking coal. The 
1950 Plan called for 1,130,000 tons to be produced in the Uzbek SSR, 
but the local coal is of such poor quality that the republic (according to 
1953 figures) gets about 100,000 tons of coal each year from the Kuzbass, 
in spite of the fact that an additional 40,000 tons has to be burned by the 
locomotives en route. 

The central Asian conversion steel works was begun at Begovat in 
a hurry during the last war, to utilize local supplies of scrap. It has sub- 
sequently been promoted, and was listed in the Fourth Five Year Plan for 
future development into an integrated iron and steel works. Thus stimu- 
lated, the local geologists have turned up a large number of coal deposits 
that they claim are suitable for coking. At least one of them, at Kyzl- 
Kia, in Kirghizia at the southeastern end of the Fergana Valley, is now 
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in operation. Others suggested in the eastern Fergana are Tuiuk-Su, 
Veshtrek, and Fan-Iagnovsk, which are supposed to be low in ash and 
sulphur content. It is particularly difficult to evaluate these reports, how- 
ever, because the local enthusiasts rarely give a quantitative analysis and 
the central authorities do not bother to list them in their general de- 
scriptions of Soviet mineral resources. 


Transcaucasia 


The coking coal bases for the new Trancaucasian iron and steel works 
are the Tkvarcheli and Tkvibuli deposits of the Georgian SSR.'° Tkvar- 
cheli is reached by a narrow-gauge rail spur running twenty kilometers 
northeast into the mountains from Ochemchiri on the Black Sea; the 
last twelve kilometers into the rugged mountains are traversed by cable 
car. Tkvibuli, about thirty kilometers northeast of Kutaisi, is reached by 
a wide-gauge spur. The coal must be transported to the iron and steel 
works about thirty kilometers beyond Tiflis, on the Transcaucasian Rail- 
road at Rustavi. Tkvarcheli was developed by the Soviets, but Tkvibuli 
celebrated its one-hundredth anniversary in 1948. 

Tkvibuli coal is so high in volatile matter (40 per cent average) that 
it falls in the category of gas coal. The moisture content (11 per cent) is 
more than double the norm for coking coal, and the sulphur content of 
the different seams varies within the painfully high limits of 1.5 to 2.5 
per cent. To make matters worse, the average ash content is also ex- 
tremely high, from 21.2 to 33.8 per cent. The total geologically pros- 
pected supplies were reported in 1939 to be no more than 45 million 
tons. Taking both quantity and quality into account, Tkvibuli alone would 
not justify the construction of even one blast furnace. 

Tkvarcheli coal contains less moisture (6.0 per cent) and slightly 
less volatile matter (37.0 per cent); but it has the same excessive amount 
of sulphur (1.5 to 2.5 per cent) — and the dubious distinction of having 
the highest ash content of any coking coal in the Soviet Union and per- 
haps in the world, from 27.6 to 56.8 per cent! Total geological supplies 
are scant, only 132 million tons, but they are at least considerably greater 
than Tkvibuli’s. From the point of view of the Georgians, who have been 
promoting their own iron and steel plant for at least twenty years, both 
coals can be improved enough to make passable metallugical coke 
through beneficiation. Appropriate facilities for beneficiation were built 
at the mines during the Fourth Five Year Plan. 

The output of the two deposits together increased at a rapid rate 
during the 1940's, reaching 201.1 per cent of the prewar level in 1948 
and 276.0 per cent in 1950. Practically all of this coal was needed for 
nonmetallurgical purposes, however, because the blast furnaces did 
not even begin to operate until 1955. It is not surprising to learn, there- 
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fore, that the use of Tkvarcheli and Tkvibuli coal for coke will require 
corresponding increases in the output of lignite to mect the local demands 
for energy fuel Furthermore, coal-bearing shale will have to be pro- 
duced and gasified as a coal substitute in industrial cities such as Tiflis. 
Tkvarcheli, the principal source of supply, was reported to have only 
enough cokable coal to support the production of 600,000 tons of pig 
iron per year for the normal amortization period, which is twenty-five 
years. All things considered, one is left with the impression that the 
limited supply of coking coal is the main factor holding back iron and 
steel development in the Transcaucasus. 


CHAPTER Ü ———— 


The Influence of Tron Orc Supplies 
on Location and Development 


It has been shown in the preceding chapter that the falling con- 
sumption of coal and coke per ton of iron and stcel has steadily reduced 
the hold of coal deposits over the locating of iron and stecl plants. Con- 
versely, the steadily increasing consumption of ore per ton of pig iron has 
increased the locational pull of ore deposits. The Sovict press now 
claims that the production of one ton of pig iron requires two and one- 
half tons of ore and two tons of good coking coal In general, therefore, 
the Soviet plants have moved away from the coal fields in the direction 
of the iron ore. 

Having made this general statement, which could be substantiated 
by enumerating specific new plant construction since 1929, we now turn 
to the statistical record. Here we have to carefully define, and make a 
number of distinctions and qualifications. The term metal mix, or blast- 
furnace mix, comprises three items that are charged into a furnace to 
provide the metallic content that becomes pig iron. The first is raw ore 
as it comes out of the mine, the second the prepared ore which has 
undergone one or more of several beneficiation processes. The third in- 
gredient is scrap iron and steel, which is charged in relatively small 
amounts but which has significant effects on the cost of the pig iron and 
the performance of the furnace. As a general rule the central authorities 
try to reduce the scrap charge to a minimum, but a plant director is 
sometimes tempted to slip in a few extra kilograms. This can reduce his 
total metal mix and coke and flux consumption, at the same time that 
he might otherwise be increasing his ore consumption and generally 
worsening various other measures of blast-furnace performance. From 
the over-all point of view it is usually much more efficient to charge the 
scrap directly into open-hearths to make steel. 
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Consumption of Iron Ore per Ton of Pig Iron 


Let us consider the following tabulation, which shows the kilograms 
of iron ore charged to the blast furnace per ton of conversion iron. The 
figures represent an average for all works of the USSR? 
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The fluctuations in this series are at first somewhat puzzling, but there is 
a clear explanation for the divergent trends in different periods. The rise 
from 1930 to 1934 represents also a deterioration in the average quality 
of the orc mined. The effect of deterioration of the chemical composition 
in raising the consumption of ore per ton of pig iron is a function of the 
iron content of the ore and of how completely it can be reduced in the 
blast furnace. The old deposits continually produced leaner ores, and 
the newly exploited deposits were leaner than those already in operation. 
The only significant exception to this rule from the mid-twenties to the 
present day (and into the foreseeable future) was the opening of Mag- 
nitogorsk in 1932, and resort to the poorer ores of this excellent deposit 
became necessary sooner than had been expected. 

Deterioration of the ore's physical composition also increases con- 
sumption, primarily because the more powdery the ore, the more is 
blown out the blast-furnace top. As much as 30 per cent of the ore may 
be lost in this way. The percentage of powder in the ore is increased by 
the process of underground mining, and the deeper layers of ore are gen- 
erally more powdery as well. From 1929 to 1934 the share of under- 
ground mining rose from 55.5 to 66.2 per cent of total production, and 
in Krivoi Rog, with almost two-thirds of the national total, the share of 
underground mining in the same years rose from 58.0 to 96.5 per cent. 
Deterioration was also caused by the introduction of new mining tech- 
niques. The undercut method, for example, has many cost advantages, 
but it powders the ore and mixes dirt with it. The share of total opera- 
tions by this method rose from 15 per cent in 1929 to 85 per cent in 
1934 

The improvement indicated from 1934 to 1940, when consumption 
fell from 1,862 to 1,800 kilograms per ton, was due principally to in- 
creased scrap consumption. In 1936 the average annual scrap consump- 
tion jumped to 125.3 kilograms; in 1937 it fell slightly to 111; and by 
1940 it was back up to 124 kilograms per ton. The improvement was also 
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due to the beginning of widespread ore beneficiation, which will be dis- 
cussed immediately below. The amazing drop to only 1,547 tons in 1944 
was not due to bencficiation. It was caused in part by the fact that ore 
production in the Soviet Union during the war was concentrated almost 
exclusively on the high-quality ores of the Urals — and in particular of 
Magnitogorsk, which, as we shall sce, turned out 8,000,000 tons of its 
best ore in 1944. A more important reason for the drop was the marked 
increase in the consumption of war scrap in Soviet blast furnaces. In 
1944 scrap consumption per ton of conversion iron had risen to the all- 
time high of 198 kilograms.* With the reopening of the occupied regions, 
ore consumption again returned to "normal," but was below that of 1940 
because of the still large amounts of scrap in the charge. In 1947 Soviet 
furnaces consumed on the average 102 kilograms of scrap per ton of pig 
iron; and in 1948, 130 kilograms. How large this is can be better appre- 
ciated by comparing it to the average scrap consumption in 1928-29 
and 1929-30, which amounted to 27 and 36 kilograms per ton of pig iron.5 

We are also interested in changes that occur in the consumption of 
raw ore per ton of pig iron. Soviet statistics have rarely been published 
in this form. For the years before the widespread introduction of orc 
beneficiations, it is not difficult to get an approximation of the trend. We 
do not have an over-all average for Soviet consumption during the NEP 
period, but we do have it for the two pig-iron-producing regions (all 
figures are in kilograms per ton). For the southern works between 1924- 
25 and 1928-29, consumption was as follows: 1,774, 1,818, 1,828, and 
2,777. The figures for the Urals for the same period were 1,886, 1,837, 
1,987, and 2,004. Another source gives the following data for the south 
from 1926-27 to 1930: 1,800, 1,815, 1,806, and 1,817. We have shown 
above that from 1930 to 1934 the amount of ore charged to blast furnaces 
per ton of pig iron rose by 13 per cent. Since the scrap charge in 1930 
was only about 30 kilograms per ton of iron, the worsening from 1930 to 
1934 could not have come from a reduction in the scrap charge. The 
relatively small introduction of beneficiation (it was only 3 per cent in 
1936) held back the rise in ore consumption. Whatever the series chosen, 
one concludes that in the period 1925-1936 the consumption of raw ore 
per ton of pig iron rose substantially. 

Following 1936, however, the reading of the statistical record be- 
comes hopelessly involved by increases in beneficiation and in the share 
of scrap charged into the blast furnaces. Nor can we clarify matters 
merely by comparing total output of iron ore and pig iron in any given 
year, because these two branches may fulfill production plans unevenly, 
with the slack taken up by inventory change. Planned output for several 
years in advance, however, indicates what the top planners with the best 
available information think the consumption ratios will be, because plans 
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for iron ore production are based on the quantity of ore thought to be 
required to produce the desired amount of pig iron. 

The 1941 Plan gives no figure for raw ore, but it called for the pro- 
duction of 34,030,000 tons of prepared ore to turn out 18,000,000 tons of 
pig iron, which is 1,89o kilograms per ton, a bit above the consumption 
in 1934. 

The Fourth Five Year Plan called for 40,000,000 tons of prepared 
ore and about 50,000,000 tons of raw ore to produce 19,500,000 tons of 
pig iron in 1950. That means 2,060 kilograms of prepared or 2,560 kilo- 
grams of raw ore per ton of pig iron, which is an increase of 37 per cent 
above the level of 1934." 

Speaking before the Supreme Soviet of the USSR in 1940, I. T. 
Tevosian, Minister of Tron and Steel, made the following astounding ad- 
mission: "For the fulfillment of the task set by Comrade Stalin for the 
annual production of 50 million tons of pig iron we are required to de- 
velop the output of raw ore to 160 million tons a year." 8 This means that, 
in the judgment of the highest official of the iron and steel industry, the 
consumption of raw ore will rise in 1960 to 3,200 kilograms per ton of 
pig iron, which amounts to exactly 25 per cent above the level of 1950. 
Taken by itself, such an admission from the most important industrial 
executive in the Soviet Union would be difficult to believe, but read 
against the background description of the rapid depletion of each of the 
major Sovict ore deposits (see below), it is exactly what an observer 
much less informed than Tevosian would anticipate. 


Preparation of Low-Grade Ores 


Faced with the necessity of utilizing progressively poorer iron ores, 
the Russians found a partial solution to the economic and technical prob- 
lems involved in the preparation of the ores preliminary to charging 
them into the blast furnaces. Preparation, or beneficiation, includes a 
wide range of processes, starting with simple operations like sorting, 
crushing, screening, and so forth. More complex beneficiation involves 
expensive operations starting with fine grinding, followed by mechanical 
or magnetic separation, washing, and drying. The final operation is usu- 
ally agglomeration of the fine particles by heat, called sintering. 

Certain other technical changes have the same effect as ore beneficia- 
tion. Soviet experience indicates that, with the introduction of high- 
pressure blast-furnace operation, the amount of flue dust lost by being 
blown out the top falls 7o per cent.? 

Academician Bardin pays particular attention to the preparation of 
raw materials for smelting in his latest book on the Soviet iron and steel 
industry: "The development of the technique of preparing raw materials 
gains special significance in connection with the utilization of larger and 
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larger amounts of poor ore, and the use of lower quality fuel.” 1° This 
phenomenon, he carefully points out, is similar to current developments 
in capitalist countries, particularly in the United States. It has been 
caused in part by the fact that the sharp increase in iron and steel pro- 
duction has been unmatched by the opening up of rich iron ore re- 
sources. Furthermore, the necessity to dig deeper and deeper for rich 
ore increases mining costs and furthers the relative advantages both of 
exploiting Russia's plentiful and better-situated supplies of poor ore and 
of reworking old ore dumps. 

Another economic reason Bardin gives for exploiting poorer ores is 
the aim of reducing long transport hauls in connection with the program 
of decentralizing iron and steel plants. He states the problem very 
clearly when he says: 

The gigantic scale of metal production . . . and the correlated more reg- 
ular geographical location of the iron and steel industry could not be realized 
by using merely rich ore. The location of the high-grade deposits would 
necessitate the concentration of the industry in two or three regions: in the 
south (Krivoi Rog deposit), in the center (rich [sic] ores of the Kursk mag- 
netie anomalv), and in the Urals (although it is true that the supplies of rich 
ores there are comparatively small). In all other regions, if we are concerned 
with the significant future development of the iron and steel industry, we 
must necessarily accept the exploitation of poorer ores . . . in the northwest, 
in Kazakhstan, in the Far East, in the Transcaucasus, and in other regions . . . 

In the main iron-ore deposits of the Soviet Union, rich ores, requiring na 
beneficiation or agglomeration, make up from 7 to 17 per cent of the indus- 
trial reserves, and, therefore, only about 40 per cent of the ore will be usable 
by 1930 without beneficiation or with the use of only simple dressing methods. 
The remaining ore mass would have to be subjected to complicated processes 


of beneficiation or agglomeration.!! 

Space does not permit a detailed description of the development of 
ore beneficiation in the Soviet Union. Some mention of particular in- 
stallations will be made in describing the individual ore deposits. For 
more facts the interested reader must refer to the Soviet sources? At 
this point we shall merely present a few data so that the reader will 
have some idea of the extent and growth of beneficiation in the USSR. 

In 1913 not over 0.1 per cent of the ore output was prepared in any 
way. Practically 100 per cent of the ore was charged into the blast 
furnaces in a raw state. A few beneficiation plants were built during the 
NEP, and by 1928 7.2 per cent of the ore was treated. With the opening 
of Magnitogorsk the relative share of prepared ore fell. During the Sec- 
ond Five Year Plan a few beneficiation plants were built, so that from 
1936 to 1937 the consumption of enriched ore consumed in Soviet blast 
furnaces rose from 3 to 6 per cent. Then during the Second World War 
several new beneficiation plants were built, with the result that between 
1940 and 1944 the output of prepared ore in the east increased from one 
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and one-half to two timces.? Toward the end of the war and with the 
beginning of the Fourth Five Year Plan, the Soviets embarked on a big 
beneficiation program. By 1946 the share of ore treated in one way or 
another had risen to 81.2 per cent. 

This last percentage is deceivingly large, because restoration of ore 
production in the occupied regions had only begun, and it took several 
years to rebuild the beneficiation facilities ruined by the Germans. The 
1946 percentage is dominated by the production of the Urals, where 
go per cent of the ore was subject to treatment. The following figures 
give the percentage of ore production prepared by various methods in 
1913, 1927-28, and 1946." 


Total Urals 

Method 1913 1927-28 1946 1946 
Washed... : 0.1 2.0 9.5 12.5 
Crushed....... FS — 34.2 50.1 
Enriched lumps = — 3.7 1.5 
Caleined . = 5.0 0.7 0.8 
Sinlered.. . a — 0.2 32.1 25.0 
Untreated........... ee. 99.9 92.8 19.8 10.1 


From the standpoint of cost and economic effects, by far the most 
important type of beneficiation employed in the USSR is agglomeration, 
or sintering. The Soviets commonly employ American-type sintering 
plants in which the ore fines are passed along a moving belt through a 
furnace in which the ore is baked. This process reduces the content of 
certain harmful elements, such as sulphur, and at the same time ag- 
glomerates the ore into lumps that, unlike powder, do not blow through 
the furnace top. 

It will be pointed out that 25 per cent of Magnitogorsk, 50 per cent 
of Krivoi Rog, and 100 per cent of Kerch ores consist of fines below 10 
millimeters in diameter. The average share of fines in all the deposits of 
the Soviet Union comes to about 40 per cent. In 1940 over 5,000,000 tons 
of ore dust were blown out of Soviet furnaces. Of this amount 3,500,000 
to 4,000,000 tons could have been caught and agglomerated for use again 
in the furnaces, but only 1,600,000 tons were, in fact, saved. Veingarten 
blames "wreckers" for the fact that agglomeration did not really begin in 
the USSR until the Second Five Year Plan. The output of agglomerate, 
however, rose quickly, until it reached 5,500,000 million tons in 1940. 
The average content of agglomerate in the blast-furnace mix was then 
about 20 per cent. The Fourth Five Year Plan envisioned the production 
of 15,100,000 tons of agglomerate in 1950, which was to raise the share 
of agglomerate from 20 to 38 per cent and take care of all of the ore 
fines and blast-furnace dust.!? The resort to ever poorer ores during the 
Fifth Five Year Plan called for increasing investment in sinter plants, 
so that by 1954, 55 per cent of the Soviet blast furnace mix was charged 
in the form of agglomerate. 
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Beneficiation is undertaken in the USSR, as elsewhere, for the pur- 
pose of reducing the cost and increasing the yield and quality of the pig 
iron smelted from the prepared ores. I have not discovered any Sovict 
statement to the effect that beneficiation is undertaken explicitly to re- 
duce transport costs in the handling of iron ore, but in any case it has 
that effect. Bencficiation may be defined in fact as an expense under- 
taken to transform low-grade into high-grade ores, and in the process to 
reduce the total amount of ore shipped to produce a given amount of 
pig iron. Without beneficiation, a larger amount of ore would have to 
be shipped to yield the same quantity of iron. 

This fact can be clearly demonstrated in the case of ore preparation 
such as crushing, sifting, and washing carried on at the mine. Waste 
material removed from the raw ore is dumped at the mine, a process 
which lightens the load that has to be shipped to the iron and steel 
plant. In cases where these weight-losing beneficiation processes are 
carried on at the blast-furnace plant rather than at the mine, material 
is simply thrown away after it has been hauled and no transport load 
is saved. For technical reasons some of the operations involved in pre- 
paring raw iron ore for smelting have to be performed close to blast 
furnaces rather than at the iron ore mines, and, therefore, do not directly 
reduce the bulk of the ore transported from mine to mill. The most im- 
portant of these mill operations, however, is agglomeration, which in- 
creases the yield of ore and reduces the loss of ore dust through the 
furnace top. Agglomeration makes it possible to extract more pig iron 
from every ton of ore mined. It can be seen that agglomeration reduces 
the amount of ore that has to be transported regardless of whether the 
operation is performed at the mine or the mill. Hence the overwhelming 
share of the beneficiation process does reduce the transport load. 

In conclusion we can say that the resort to poorer ores has steadily 
increased the locational pull of iron ore deposits in the Soviet Union, 
a trend which has been somewhat counteracted by the necessity of 
preparing the poorer ores for smelting and of reclaiming the furnace 
dust. The first trend has been and in the future promises to be so over- 
whelming that we should continue to see the Soviet iron and steel in- 
dustry gradually moving away from its sources of coking coal toward its 
sources of iron ore. 


Description of Important Ore Deposits 


Following our attempt to analyze in general terms the changing lo- 
cational pull of iron ore, we now tum to a description of the most im- 
portant iron ore deposits of the Soviet Union. There are some six hun- 
dred known iron ore deposits scattered over the eight million square 
miles that make up the USSR. Some seventy-five of these have economic 
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or strategic significance at present or may have in the near future. As 
a basis for critical judgment about the location and development of the 
Soviet iron and steel industry, one needs to know something about all 
seventy-five. However, two of the largest deposits, Krivoi Rog and 
Magnitogorsk, supply such an overwhelming share of the country's high- 
grade ore that they deserve more careful and extensive treatment. 
Knowledge of a third group, the strategic deposits of western Siberia, 
is essential to an understanding of what is happening to the giant Urals- 
Kuznetsk combine. Some readers, therefore, may prefer to read carefully 
the sections on Krivoi Rog, Magnitogorsk, and western Siberia, relying 
on the final chapter to summarize the descriptions of other iron-ore de- 
posits. 

The three principal types of economically valuable iron ores in Rus- 
sia, as elsewhere, are hematite, magnetite, and the brown ores (chiefly 
limonite ), in that order of importance. Hematite in chemically pure form 
contains the equivalent of 70 per cent metallic iron, based on the chem- 
ical formula Fe2O3, anhydrous ferric oxide. Magnetite, or ferrosoferric 
oxide, has the chemical formula FejO, and is therefore composed of 
72.4 per cent iron and 27.6 per cent oxygen by weight. It is magnetic, 
which makes easier the location of ore bodies and also permits concen- 
tration of the ore by means of a revolving electric magnet. The brown 
ores are ferric oxides, like hematite; the hydrous ferric oxides contain 
water molecules according to the chemical formula FesO3:nH.O. The 
most common brown ore is limonite, 2FE203-3H2O. The iron content is 
of course reduced by the presence of the water molecules. A fourth type 
of ore consists of the iron carbonates, siderite or spathic iron. They are 
less rich in their natural form, pure siderite having 48.3 per cent iron, 
but by simply roasting the ores the carbon dioxide is driven off and the 
ore may yield a rich iron oxide. 

Pavlov, following the practice of Western engineers, evaluates any 
one of these ores by four main criteria: richness, harmful impurities, 
gangue, and physical composition.!5 (1) The richness or iron content of 
the ore is the most important criterion. It varies from 20 to 70 per cent. 
For this reason, the Russians, in company with the rest of the world, 
price any given ore in proportion to its iron content. (2) Harmful im- 
purities are of many kinds: silica or the silicates can usually be removed 
in the blast furnace — but they require an equal weight of limestone to 
flux them. Sulphur is more difficult to remove in the blast furnace and 
is most undesirable in steel. A small amount of it, therefore, lowers the 
value of the iron ore. Phosphorus is not removed by the acid processes, 
and therefore is not suitable for Bessemer furnaces. Small quantities of 
zinc play hob with blast-furnace operations. (3) The gangue of the 
ore is that part which is mixed in with but does not contain iron-bearing 
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compounds. To get rid of this material requires various quantities and 
qualities of fluxes, increases the consumption of coke per ton of pig 
iron, and makes it difficult to produce certain types of pig iron. (4) The 
main physical property of iron ore is the content of powder or fines. Soft, 
fine ores have a tendency to choke up a furnace and give rise to large 
amounts of flue dust, which are blown out the top of the blast furnace 
and wasted. At the other extreme, very hard and dense ores in the form 
of large lumps offer so small a surface to the gases that there is little 
reduction of the ore by carbon monoxide. Hence more coke is required. 


Ore Deposits of the South 

In 1940 63 per cent of the iron ore produced in Soviet Russia came 
from the mines of Krivoi Rog in the eastem Ukraine (See Table 25).17 
Krivoi Rog provides the basic ore supply for the Ukraine and supple- 
mentary supplies for the central region as well as for the satellite mills 
in eastern Europe. The deposits are concentrated in a narrow strip about 
fifty kilometers long and seven wide along the Zheltoi, Saksagan’, and 
Ingults rivers. The Saksagausk deposits, furthermore, furnish by them- 
selves up to three-quarters of the regional production. The German 
armies quickly overran this little area near the westen border, on which 
so much of the Soviet war machine depended. This prize fell into enemy 
hands less than two months after the invasion began. On August 16, 
1941, the German press was full of exuberant claims about this shatter- 
ing blow to the war economy of the Soviet Union.’ Basing their claims 
on obsolete data, the Germans actually underestimated the significance 
of their swift capture of the Krivoi Rog basin. We know now that its 
output had risen from 16,414,100 tons in 1937 to 18,900,000 tons in 1940, 
which increased its relative share of total Soviet output from 59.1 to 
63.2 per cent. The 1941 Plan called for a further increase to 21,000,000 
tons of ore averaging 58.7 per cent iron. This absolute and relative ex- 
pansion of Russia's most vulnerable ore deposits in the years immediately 
preceding the German attack will come up for further consideration 
when we discuss motives determining the location of the Soviet iron and 
steel industry. 

About 85 per cent of the Krivoi Rog output is hematite. In the north- 
ern tip of the area are found magnetite and brown ores, which have as 
yet been little used. As for the chemical composition of the ores, the 
hematite is exceptionally rich in iron content. The first two layers of 
Saksagansk ore have averaged 64 per cent iron for several years. The 
gangue has little limestone and magnesium, but is exceptionally silica- 
ceous. As regards harmful impurities, there is no sulphur, but the phos- 
phorus content is too high for use in the acid process, especially in view 
of the high phosphorus content of Donets coke. If rock containing less 
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TABLE 25 
IRON ORE PRODUCTION BY REGION (1,000 ions) 


a * 
1941 (Plan) 1946 1950 (Plan) 


1913 1933 1937 1940 
Per Per Per 
Per Per Per cent Per cent cent 
tons cent tons cent tons cent ions (g) tons cent (g) tons (g) 


— MM ———— M —— MM à 
100.0 100.0 40,000.0 (e) 100.0 


Total USSR 9,213.5 (a) 100.0 14,454.5 (a) 100.0 27,770.0 (e) 100.0 29,800.0 (d) 100.0 34,030.0 H 

South. TEE ... 6,868.0 74.5 9, 973. Hts 64.2 17,185.3 61.9 20,100.0 (e) 67.5 22,000.0 64.6 31.8 20,800.0 (h) 52.0 
Krivoi Rog Ae 6, 388.0 (a) 69.3 8, 991.6 (a) 62.2 16,414.1 2 59.1 18, 800.0 (e) 63.2 21,000.0 61.7 31.8 19,000.0 (h) 47.5 
Kerch...... ipa "480. O(n) 52 282.1 (a) 2.0 771.2 c) 2.8 280.0 (e) 4S3 1 7000. 0 2.9 — 1,800.0 (h) 4.5 

Urals. ED e 1,778.0 (a) 19.3 4,256.5(a) 99.3 8,661.7 (e) 31.2 s0800 27.0 9,345. 0 27.5 59.0 14,600.0(h) 36.4 
Magnitogorsk...... 202.7 (g 22 2 “040. O(b) 14.1 — — 6,260.0 (e) 21.0 5,600.0 16.8 34.4 6,200.0(h) 15.5 
Other..... i —= — 2, 216.5 (n) 15.3 c — 1,790.0 (e) 6.0 3,745.0 11.0 nd = — 

Cenler. 561.0 61 7178 5.0 1,413.6 5.1 1,160.0 (e) 3.9 1,480.0 4.2 25 1,0000(h) 2.5 
Tula. . 195.3 (a) 21  2543(n LS 677.2(c) 24 
Lipetsk 262.1 (a) 28 433.4 (a) 30 710.2 (e) 2.6 and um 
Other..... 103.6 (a) 1.1 30.1 (a) 2 26.2 (c) B — == = = SS = = 

West Siberia. 2.0 (a) 0 197.9 14 609.4(e) LS 507.0(e) 1.7 1,250.0 3.7 6.7 2,600.0(h) 6.5 

Misc. regions... a 12 RU 8.6 | — — — — 5.0 0 — 1,040.0 (h) 2.6 
East Siberia....... 1.2 (a) 0 8.6 (a) B 5.0 0 = — — 


Sources: (n) TsUNKhU, Sofsialisticheskoe stroitel’stvo SSSR (Moscow, 1988), p. 158. For 1933 the figures include prepared ore. For preceding years, 
raw ore. By 1940 the difference amounted to 4 million tons. (b) G. B. Lauer, Chernaia metallurgiia, zhelezorudnaia, margantsevaia, i koksovaia promyhlen- 
nost! SSSR, statisticheskii spravochnik, 1929-1984 (Moscow, 1985), p. 65. (c) Gosplan SSSR, Itogi vypolncnii vtorogo piatiletnego plana razvitiia narod- 
nogo khoziaistua soluza SSR (Moscow, 1939), p. 82. (d) Zasedaniia verkhavnogo soveta SSSR, 1946, p. 144, states that the 40 million tons planned in 
1950 is 134 per cent of 1940. Stal’, 1947, no. 11, pp. 978-977, says that in 1940 29 million tons of prepared ore and 33 million tons of raw ore were 
produced. (e) Calculated from percentages given in J. V. Gorelik, “Iron Ore Yndustry of the USSR in the New Five Year Plan," Gornyi Zhurnal, 1947, 
no. 2, p. 4. All of the 1940 figures also cross-check approximately with the data for 1940 in terms of both 1913 and the 1950 Plan. The 1940 figure 
for Krivoi Rog is substantiated by Bol’shaia sovetskata entsiklopediia, Vol. 55, p. 808. (f) 1941 Plan, pp. 16, 661. (g) Percentages for 1913. 1940, 
1948, and 1950 Plan given by Gorelik, "Iron Ore Industry," p. 4. (h) Calculated from given percentages. Miscellameous regions include Nikolnevsk and 


Dashkesan. 
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than 55 per cent iron is not classified as ore, the average percentage com- 
position of the very important first two layers of the Saksagansk deposit 
is as follows: iron, 64.0; manganese, 0.06; sulphur, 0.09; phosphorus, 
0.028; silica, 5.5; alumina, 0.8; calcium oxide, 0.3; magnesium oxide, 0.1. 

During the restoration period of the twenties, the Russians were able 
to mine this type of high quality ore exclusively. But with the expansion 
under the Five Year Plans and the desire to stretch out the exploitation 
of this essential deposit, resort was had to poorer ores. In 1931 such 
ores, along with quartzite containing 40-45 per cent iron, made up over 
6 per cent of Krivoi Rog output. In subsequent years the blast-furnace 
mix of the southern works became noticeably poorer in quality — the 
iron content falling and the silica and alumina rising — so that by 1940 
the Krivoi Rog ore had to be divided into five new grades, with only the 
top grade averaging 64 per cent iron, and the others averaging 60, 56, 
52, and 48 per cent. Before 1930 the last two grades had not even been 
classified as ores. The fifth-grade ores contained about 48 per cent iron 
and 27 per cent silica. The Russians used to classify this material as 
quartzite, not iron ore. Krivoi Rog has some 21 billion tons of quartzite. 
Now there is some demand for Krivoi Rog quartzite with 35 per cent 
silica, but it requires both hydraulic and magnetic concentration. The 
Krivoi Rog ores are so fine and powdery that they need to have espe- 
cially high iron content to be practicable for blast-furnace smelting — 
one explanation of why a new concentration plant has recently been set 
up to utilize the lower-grade Krivoi Rog ores.!? 

This progressive worsening of the quality of Krivoi ore was an im- 
pelling reason to prospect and develop new iron and steel centers outside 
of the south. At the same time, by increasing the weight of ore to be 
shipped and consumed in the blast furnaces, the poorer ore made it 
economically more feasible to build the big new Krivoi Rog works on 
top of the ore beds themselves. 

The very powdery physical character of Krivoi ore has been men- 
tioned before. Ore in the form of powder (5 millimeters or less di- 
ameter) averages over 50 per cent of the total ore mined. Chunks of ore 
larger than 80 millimeters have to be crushed before being charged into 
the blast furnaces. After this has been done and the ore sorted into three 
sizes, the share of powder is increased to 56.4 per cent. When one real- 
izes that 5 millimeters is only about one-fifth of an inch, the difficulty 
can be more clearly appreciated. Pavlov presents a sieve analysis of the 
ore mined in fifteen leading Krivoi Rog mines.? The percentage of 
total weight for the various sizes of ore from all fifteen averaged out as 
follows: o-5 millimeters, 56.4 per cent; 5-30 millimeters, 17.9 per cent; 
30-80 millimeters, 25.7 per cent. This pulverizing characteristic not only 
causes trouble in the blast furnace but also results in large losses during 
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the mining, transporting, and general handling operations. The friability 
of Krivoi Rog ore is such a serious problem that Pavlov, the foremost 
Soviet authority, ranks it as the second most important handicap to blast- 
furnace operation in the USSR. 

The discovery of the known reserves at Krivoi Rog bears an interest- 
ing resemblance to the discovery of oil reserves in the United States. 
The more they are used up, the more intensively they are prospected and 
the bigger they become. From the moment of its opening in 1881, the 
deposit has been considered one of the biggest in Russia, but prospect- 
ing proceeded at a leisurely pace until the Five Year Plans brought a 
big increase in the demand for ore. Thereafter total known reserves 
(as of January 1 of each year) increased as follows: 1929, 698,000,000 
tons; 1931, 799,000,000 tons; 1933, 928,000,000 tons; 1934, 980,000,000 
tons; 1935, 1,209,000,000 tons; 1938, 1,454,000,000 tons. 

Restoration work began as soon as the German army was driven out 
of the basin. In 1944 Krivoi Rog delivered over 500,000 tons of ore to 
Soviet iron and steel plants. Restoration proceeded at a very uneven 
pace, but the 1950 production goals were met as envisioned in the 
Fourth Five Year Plan (19,000,000), and by September 1952 average 
daily production had risen almost 50 per cent over the prewar level, 
which meant an annual rate of about 28,000,000 tons.2! Production in 
1954 was more than twice that of 1949. In the process the mines were 
more completely mechanized than they had been before the war. Never- 
theless, there were continuing complaints that the equipment was not 
being utilized efficiently. Furthermore, this mechanization of mining and 
loading operations increased the pulverization of the ore and resulting 
losses in the form of powder.?? 

For almost half a century the Kerch Peninsula of the Crimea has 
supplied in the neighborhood of 3 per cent of Russian iron ore output.” 
Its apparent decline in production from 1913 to 1933 is illusory (see 
Table 25). In both years production of raw ore approximated half a 
million tons; but in 1933 the reported production of 281,000 tons repre- 
sents the prepared ore after waste had been removed in the process of 
beneficiation. Kerch ores were thoroughly prospected and tested immedi- 
ately following 1925; they made up 37 per cent of the Total A+ B 
supplies and almost as much of the total known Soviet reserves in 1938 
(see Table 26). On the other hand their chemical and physical com- 
position is so poor that they contributed less than 3 per cent of the coun- 
try's production in 1937. 

In physical composition, Kerch ores are similar to those of Lorraine 
and Luxembourg, but chemically they differ. Kerch ores are almost all 
brown ores, hydrous ferric oxides. The iron content of Kerch ores fluc- 
tuates within wide limits from 20 to 51 per cent, but most of the de- 


156 THE ECONOMICS OF SOVIET STEEL 


TABLE 26 
REGIONAL DISTRIBUTION OF IRON ORE RESERVES AT 
THE BEGINNING OF EACH OF THE FIRST THREE 


FIVE YEAR PLANS (million tons) 
en oe 


On Jan. 1, 
1939 On Jan. 1, 1933 On Jan. 1, 1938 
Total ‘Total A+B Total A+B 
reserves — reserves grades reserves grades 
A ————————————————— 
Northwest 
Komi ASSR... 1 102 1 122 1 
Karelian ASSR x 42 15 3 102 26 
Leningrad Oblast......... = = — 1,313 107 
Center 
Tula Oblast....... ses 310 206 166 192 143 
Riazansk Oblast........-- — 14 6 14 -— 
Gor'kii Oblast..........-- 238 S 3 7 2 
Kirov Oblast...... sse — 4S 8 48 7 
Voronezh Oblast.......... — 753 116 705 103 
Kursk Oblast... ......-.- 46 255 101 348 175 
South E 
Crimean ASSR........... 2,744 2,725 1,641 2,722 1,638 
Ukrainian SSR..........- 698 928 375 1,454 668 
Krasnodarsk Rrai........ — 29 14 34 15 
Kabardino-Balkarsk ASSR 12 69 15 79 22 
Stalingrad Oblast......... 180 166 148 166 148 
Urals 
Orenburg Oblast.......... = 473 98 473 98 
Bashkir ASSR..........-- 57 160 72 283 71 
Cheliabinsk Oblast........ 493 816 643 788 579 
Sverdlovsk Oblast........ 396 606 290 $57 395 
Western Siberia 
Novosibirsk Oblast. .. .... 40 121 45 145 64 
Eastern Siberia 
Krasnoiarsk Krai......... E 225 48 259 47 
Irkutsk Oblast........... 163 131 13 407 63 
Chita Oblast.......... = 196 3 198 2 
Far Eastern Krai. "mm 11 22 2 187 15 
Iakutsk ASSR.... Me 15 6 5 102 5 
Azerbaidzhan SSR.......... ri 115 96 193 175 
Kazakh SSR.............-. 61 92 2 171 11 
Misc. regions of USSR...... — it — 56 I 
Total iron ore USSR. ..... 6,025 8,655 3,901 10,921 4,488 
Total iron quartzite USSR 2,397 32,898 11,617 256,484 11,692 


Total iron quartzite in 


Kursk Oblast 2,318 10,527 858 203,744 858 


Source: 1. M. Gubkin, ed. Geologicheskaía izuchcnnost’ i mineral'no-syr'cvaia baza SSSR 
(Moscow, 1939), p. 95. 


posits are fairly uniform, between 33 and 42 per cent. The most impor- 
tant ones vary only from 34 to 37 per cent. The Karantinnaia deposit, 
from which the Voikov works was supplied at its inception, contains 
36.9 per cent iron, whereas the largest deposit at Kamysh-Burun con- 
tains 34.3 per cent on the average. 
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The average iron content of the whole Kerch deposit is so low 
(31 per cent) and the loss in the process of mining and smelting so high 
(65 per cent) that from the total reserves listed as 2,762,000,000 tons in 
1932 only 244,664,000 tons of pig iron could be made, even if every bit of 
the ore were to be extracted and smelted.?* This tremendous weight loss 
(9o per cent) explains why the two iron and steel mills based on Kerch 
ores are tied to the ore deposits — one works (Voikov) in the midst of 
the ore fields and the other directly across the Azov Sea at Zhdanov. 

Kerch ores are full of harmful impurities. Phosphorus in the Kamysh- 
Burun deposit fluctuates between 1.2 and 1.3 per cent on the average, 
and the other deposits contain 0.6 to 0.7 per cent. This content of phos- 
phorus is too high for acid Bessemer converters and at the same time not 
high enough for basic Thomas converters, which require 1.8 per cent 
phosphorus for their normal operations. It is therefore necessary to haul 
additional phosphates all the way from the Karelian Peninsula north of 
Leningrad to enrich the charge of the Thomas converters at Zhdanov, 
much to the annoyance of the railroads. The railroads also object to 
hauling Krivoi Rog ore to mix with the poor Kerch ores at Zhdanov and 
Voikov works. Veingarten says that "Trotskyite-Bukharinite wreckers" 
arranged it so that the Zhdanov works would import Krivoi Rog ore, 
but it seems unfair to blame human beings for the poor chemical and 
physical composition of ore deposits on the Kerch Peninsula.25 

Sulphur is found in the Kerch ore in small amounts, not enough to 
be a major problem; but particularly harmful is arsenic, averaging 0.1 
per cent. To reduce it requires special treatment in the blast furnace and 
open-hearths, where most of it is eliminated in the slag. It took years of 
Russian and foreign metallurgical research to solve this problem. An- 
other harmful ingredient present in large amounts is silica, which aver- 
ages from 20 to 25 per cent. 

The physical composition of Kerch ores is particularly troublesome. 
Extreme fragility accounts for a large part of the 65 per cent loss in 
handling and processing. The ore is practically pure powder, two-thirds 
of it by weight consisting of fines less than one-quarter a millimeter in 
diameter and one-third of it less than one one-hundredth of a millimeter. 
All of it, therefore, requires agglomeration before it can be used. 

In view of the extremely poor chemical and physical composition of 
Kerch ore, why do the Russians bother to use it at all? They are far 
from abandoning it: we find that the Fourth Five Year Plan called for 
the restoration of Kerch to its 1940 share of Soviet output, namely 4.5 per 
cent, which implied an absolute increase to 1,800,000 tons of prepared 
ore in 1950. In line with this, another aim of the plan was to make 
Azovstal' at Zhdanov the "Magnitogorsk of the south," producing up to 
1,500,000 tons of pig iron a year.?? 
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The answer is to be found primarily in two facts which will be dis- 
cussed further later on. In the first place, the Russians are running out 
of high-grade iron ore and therefore are resorting to poorer ore such 
as that of Kerch, the reserves of which are tremendous. Second, the Kerch 
ores are very inexpensive to mine. The deposits are shallow, lying at a 
depth of from three to twenty meters and can, therefore, be mined by 
fully mechanized open-pit methods, the costs of which are so low as to 
make up for the extra costs of ore preparation. The disadvantages of 
having to use Kerch ore are highlighted by the Soviet admission that it 
costs 40 per cent more to produce pig iron at Azovstal using Kerch 
agglomerates than it costs using Krivoi Rog ore. At the end of 1953 every 
fourth ton of pig iron smelted at Azovstal' failed to meet the required 
standards of quality, and the blast-furnace shop had failed to meet its 


plan for many months.?" 


Transcaucasian Iron Ores 


Because the Dashkesan deposit was the only one capable of serving 
as a base for the new Transcaucasian iron and steel plant, the ore was 
thoroughly prospected by Soviet geologists.'5 Dashkesan is situated a 
mile above sea level in western Azerbaidzhan, about thirty kilometers 
southwest of the city of Kirovabad. Ore from the mine is concentrated 
near the mine head and then carried six kilometers by cable railroad to 
the village of Kuschi, which is the terminal of a specially built electric 
railroad running down to Albashly station on the Tiflis-Baku railroad. 
From there, the ore moves northwest just over the border into Georgia, 
to the new mill being completed at the new town of Rustavi. The first 
few hundred tons of ore were mined in December 1946, and several 
sections of the mine were expected to be in operation in 1947. The 
blast furnaces at Rustavi, however, were not blown in until 1955, so 
whatever ore was mined in the intervening years was stockpiled. 

The ore is a mixture of dense, pebbly magnetite and granite gangue, 
completely lacking in chemical uniformity. These circumstances, plus 
the low iron content of the ore, make necessary preliminary sorting, 
crushing, and magnetic concentration. Mining is to be carried on by 
both open-pit and underground methods. The northwestern part of the 
deposit gives good ore and the northeastern section poor ore. Analyses 
of the good and poor ores respectively gave the following chemical com- 
position: silica, 17.4 and 17.8 per cent; alumina, o.9 and 5.0 per cent; 
calcium oxide, 7.8 and 13.5 per cent; magnesia, 1.6 and o.9 per cent; 
sulphur, 0.28 and 0.20 per cent; phosphorus, 0.05 and 0.174 per cent. 
Furthermore, both good and poor ores were low in iron, 46.0 and 40.6 
per cent respectively. 

In 1932 when the Transcaucasian plant was being studied, total sup- 
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plies were estimated to be 83,000,000 tons, of which 75,000,000 were in 
the A + B category. Allowing a 5o per cent exploitational loss and a 
conversion coefficient of 2.8 gave a maximum production potential of 
15,000,000 tons of pig iron, or half a million tons a year for thirty years. 
Another estimate at that time said that Dashkesan could support up to 
1,500,000 tons of pig iron per year. The original Fourth Five Year Plan 
called for 330,000 tons of pig iron and 185,000 tons of steel; but the 
production goal of the new plant at Rustavi now calls for 2,000,000 tons 
of orc to be smelted in two blast furnaces, with a final output of 700,000 
tons of steel. 


Ores of the Central Region 


Both in underground deposits and outcroppings, often covering large 
areas of land, in the huge territory stretching from Kirov all the way 
across central and southern Russia to Rumania are found brown ores 
partly underlain with siderite. During the last three centuries many of 
them at one time or another have been utilized to produce pig iron in 
charcoal blast furnaces. With deforestation, rising labor costs, and the 
advent of coke, almost all of the deposits have long since been aban- 
doned. Only in two regions, Lipetsk and Tula, is it possible to use these 
ores, enriched by ore from Krivoi Rog, to produce pig iron in coke blast 
furnaces.?° 

In the Lipetsk region in the northern tip of Voronezh Oblast, ore was 
first produced during the reign of Peter the Great. In 1937 Lipetsk ores 
made up less than 3 per cent of total Soviet reserves and production. The 
ore is mined by underground methods and shipped by cable railway six 
kilometers to the Novo-Lipetsk works, on the left bank of the Voronezh 
River in the suburbs of Lipetsk. Svobodnyi Sokoľ, the second plant sup- 
plied by these mines, receives its ore by regular railroad. The Lipetsk 
iron content averages 37 per cent, and with about 0.4 per cent man- 
ganese and o.35 per cent phosphorus the ore has the proper ingredients 
for the foundry iron of the two blast furnaces at Novo-Lipetsk. The 
handling loss in processing is high, from so to 70 per cent. 

The Tula mine ships its ore twelve kilometers to the two local works 
at Novo-Tula and Kosaia Gora. Tula ore averages about 40 per cent iron. 
In magnitude of reserves and output it is comparable to Lipetsk; but the 
poor physical condition and low iron content of much of it make it less 
suitable than Lipetsk ore for foundry iron. 

When prices were brought in line with costs by the reform of April 
1936, the f.0.b. price of the 45 per cent iron-content Tula and Lipetsk 
ore was 15 rubles per ton. This was three times the price of 58 per cent 
iron-content Magnitogorsk ore and almost double the price (8.35 rubles) 
for Go per cent ore from Krivoi Rog.3? The poor ores not only cost more 
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per ton to mine but also are more expensive to smelt. These factors, plus 
the necessity of hauling a large share of the iron ore mix all the way 
from Krivoi Rog and from the Urals aud the coking coal from the Don- 
bass, have made the Tula and Lipetsk works high-cost producers. Even 
after 1936 they had to be subsidized at the expense of the rest of the 
steel industry. 

The poor ores of the central region also caused trouble for the rail- 
roads. In the opinion of a railroad expert, who was trying to reduce the 
strain on the overloaded rail network, the hauling of "Krivoi Rog ore to 
Tula and Khalilovo ore to Lipetsk is economically inexpedient and ought 
to be forbidden." ?! But he offers no advice to the steelmakers on how to 
smelt pig iron from the Tula and Lipetsk ores without the addition of 
richer ores from distant regions. 

The Kursk “magnetic anomaly" not only has a mysterious name but 
also is, in fact, the cardinal enigma of Soviet iron ore resources. If for 
no other reason than its tremendous size, this deposit deserves careful 
attention now and in the future? Compass deviations had been ob- 
served in the Kursk region since the 1870s, which led the Russians to 
suspect the presence of large bodies of magnetite iron ore. Prospecting 
was begun before the First World War, and this work was taken up 
again by the Soviet regime in 1918. In 1923 the prospectors were re- 
warded by the discovery of magnetite-bearing quartzite, covered by 
5oo feet of overlay of such a nature as to make mining very difficult. The 
tota] reserves amounted in 1938 to 203,744,000,000 tons. I am not aware 
that Soviet technicians have had any success whatsoever in smelting this 
quartzite, All Pavlov has to say about it is that the ore is "too poor for 
the manufacture of pig iron without preliminary beneficiation.” 33 If this 
quartzite ore can ever be made suitable for the smelting of pig iron by 
beneficiation, then Soviet blast furnaces will have at their disposal un- 
limited ore supplies, located in the industrial heart of the Soviet Union. 

In 1932 geologists discovered, in addition to the quartzite, rich iron 
ore at three places within the Kursk magnetic anomaly in the vicinity 
of Staryi Oskol, about one hundred kilometers southeast of the city of 
Kursk. The three locations are Saltykova, Lebedian', and Korobkov. 
Total supplies in 1938 amounted to 348,000,000 tons, of which half were 
in A and B categories. The ore, like the quartzite, is unsuitable in the 
raw state for blast-furnace operations, so the Dnepropetrovsk Metallur- 
gical Institute immediately undertook a thorough study of the problem. 
The Kursk magnetic anomaly ores are the most heterogeneous in the 
Soviet Union, an unbelievable conglomeration of martite, siderite, brown 
ore, iron-bearing chlorite and calcite, magnetite, and pyrite. Phosphorus 
fluctuates between 0.08 and 2.33 per cent and sulphur between 0.07 and 
2.74 per cent. The gangue is not excessive. Iron content in the Korobkov 
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deposit averages 55 per cent, varying according to location from 44.5 
per cent to 64.3 per cent. Saltykova iron content varies from 42.7 to 67.5 
per cent and Lebedian’ iron content from 43.5 to 64.7 per cent. The 
reducibility of the ore depends more than anything else on the chlorite 
content. Samples high in chlorite (30-35 per cent) are only two-thirds as 
reducible as those containing only 4 per cent chlorite. 

In addition to all the problems presented by the composition of the 
ore, the deposits are overlaid by hundreds of feet of water-soaked sand, 
which makes extremely difficult the task of getting out the ore and of 
drying and preparing it once it is carried to the surface. Never in the his- 
tory of either Soviet or Western mining experience have such deposits 
been worked, but the Russians persist in their plans to make use of these 
miserable supplies. The Third Five Year Plan (1938-1942) called for 
the construction of mines in the Kursk magnetic anomaly to supply ore 
for the blast furnaces of the central region and for preparatory measures 
for the construction of a new iron and steel plant based on these ores. 
Before the German attack in 1941 the Russians were building the Gub- 
kin mine in the Korobkov deposit. The mine was completely ruined by 
the Germans. The postwar Five Year Plan envisaged its restoration, and 
by 1947 work had progressed to the restoration of above-ground equip- 
ment and the removal of water from and rehabilitation of the main mine 
shaft. A new mine at the Lebedian’ deposit was planned for an annual 
output of 2,500,000 to 3,000,000 tons of ore; and in the years immediately 
following 1947 work was to begin in preparation for exploitation by 
open-pit methods, including the construction of a big central electric 
power station, necessary railroad lines, workers’ housing, and a base for 
building materials and repair work. Furthermore, work was to start on 
a plant near Staryi Oskol for the manufacture of mining machinery. All 
this is being done in anticipation of the new iron and steel plant based 
on Kursk ores that was originally mentioned in the Third Five Year 
Plan. 


Northwest Iron Ores 


The decision was made to build a new iron and steel plant near 
Leningrad, and Soviet geologists were assigned the task of finding an 
iron ore base for it. Out of hundreds of poor and widely scattered de- 
posits in the whole northwest region, only two, at Ensk and Olenegorsk 
(above the Arctic Circle in Murmansk Oblast), have been found worthy 
of serious consideration. Both are very low-grade deposits in almost 
every respect. Nevertheless, their use is mentioned in connection with 
the new iron and steel works being built in Poland as well as in connec- 
tion with the Soviet northwest works. The whole area was prospected in 
1932-1934 under the orders of S. M. Kirov. This was followed by more 
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detailed prospecting and experimentation in 1940-41 under the direction 
of the Leningrad Geological Office and the Makhanobr Institute. In 
1945-46 these agencies were joined by the Leningrad-Murmansk expedi- 
tion of the Academy of Sciences of the USSR. 

The Eno-Kovdorsk, or Ensk, deposit of magnetite is located in the 
southwestern part of the Kola Peninsula at Kovd-Ozero, 130 kilometers 
west of the Zasheek station on the Murmansk railroad and about twenty- 
five kilometers from the Finnish border. That Ensk was obviously vul- 
nerable to attack from the west is not once mentioned in Soviet literature 
on the subject and did not deter the planners from choosing it as the 
iron ore base for the proposed northwest iron and steel works. The iron 
content of the ore averages 33.2 per cent, phosphorus averages 2.67 per 
cent, and sulphur 0.08 per cent. The extremely high phosphorus content 
is evenly distributed throughout the ore and therefore cannot be elim- 
inated by selective mining or sorting. Up to 1946 lack of equipment pre- 
vented deep drilling and experimentation with ores lying far below the 
surface. Usually, however, the phosphorus and sulphur content increases 
with depth. Ensk ores are high in alumina and magnesia, and are very 
ductile and difficult to smelt in their raw state. 

The second big base on the Kola Peninsula is the Primandrov group 
of deposits of magnetite and magnetite-hematite quartzite, close to Lake 
Imandra. Of this group the only important one is the Olenegorsk deposit, 
only five kilometers from the Olen'ia station on the Murmansk railroad. 
The ore is striated, with thin strips of ore and rock intermingled. Mag- 
netite makes up about Go to 70 per cent of all the ore, the remainder 
being mostly hematite and martite in varying proportions. Iron content 
varies from 20 to 40 per cent and averages 32.77 per cent, sulphur aver- 
ages 0.017 per cent, and phosphorus 0.02 per cent. The ores are low in 
magnesia but so high in silica that they really ought to be classified as 
quartzite rather than iron ore. The silicate content, in four tests run in 
1934 and 1941, varied from 43 to 46 per cent. 

To smelt either of these two ores in their raw state is completely 
irrational and uneconomical. Therefore a number of experiments with 
enriching the ore were conducted in 1941 and 1945. Wet-washing both 
ores proved to be a very useful step in the process of beneficiation, but it 
created further problems when conducted in the temperatures encoun- 
tered above the Arctic Circle. The big difficulty with Ensk ore is raising 
the iron content and reducing the phosphorus to manageable propor- 
tions. A scheme involving eight consecutive steps, alternately crushing 
and separating magnetically, gives a concentrate containing 65 per cent 
iron and 0.26 per cent phosphorus. The concentrate is too fine as a 
result of the crushing operation and has to be agglomerated before being 
charged into a blast furnace. No matter what method of concentrating is 
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chosen, however, the chemical composition of gangue precludes the use 
of this Ensk agglomerate without the addition of other ores containing 
more acid gangue. The presence of hematite in the Olenegorsk ore 
makes necessary a combination of both gravitational as well as magnetic 
concentration. The result is a concentrate containing about 60 per cent 
iron. 

Experiments were conducted and costs estimated for a number of 
different combinations of Ensk agglomerate with Olenegorsk agglomer- 
ate and raw ore. The differences in total costs of production, including 
amortization of capital invested, were negligible. The preferred mix to 
produce high-quality pig iron, relatively low in phosphorus, would have 
been a combination of agglomerates from both deposits. This procedure 
would have necessitated the building of costly concentrating and ag- 
glomerating factories at both deposits and was ruled out solely because 
of the necessity of minimizing total capital investment. It was finally 
decided to utilize a combination of Ensk agglomerate with a small 
amount of pyrite slag and Olenegorsk raw ore. 

Once again we find the Soviets surreptitiously dragging in "bour- 
geois" economic principles by the back door. They could have ruled out 
the construction of the extra factory by including in the estimated costs 
of production a good stiff interest charge or an opportunity cost for the 
use of precious capital resources. Instead they chose to rule out the 
extra investment on a purely rule-of-thumb basis, without explicit mar- 
ginal analysis. 

In spite of the very high consumption of raw ore per ton of pig iron 
(3.5 tons of Ensk and 4 tons of Olenegorsk ore), each deposit has 
enough reserves to supply an iron and steel plant of ordinary size, built 
around the operation of one blooming or slabbing mill. If in the future 
the Soviets decide to expand the projected northwest works or build an- 
other to supply high-quality pig iron, they will have to rely on Olene- 
gorsk as well as Ensk. 

The quantitative as well as qualitative limitations of these two de- 
posits have forced Soviet geologists and metallurgists to continue pros- 
pecting and experimenting with other deposits in the northwest region. 
Next best on the list is the Kirovgorsk deposit in the Primandrov group, 
right next to Olenegorsk and 16.5 kilometers west of the Olen'ia rail- 
road station. The characteristics of the Kirovgorsk ores are similar to 
those at Olenegorsk. Iron content is somewhat higher, averaging 35 per 
cent, but with allowance for the non-ore striation it would be only 32 
to 33 per cent. Kirovgorsk, however, is farther from the railroad and has 
smaller total supplies of ore than Olenegorsk. 

About go per cent of the ores of the Karelo-Finnish SSR are found in 
one deposit of titano-magnetite at Pudozhgora on the eastern shore of 
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Lake Onega. Iron content is only 23 to 29 per cent, and the chemical 
composition of the ores precludes their use to produce ordinary types of 
pig iron in large iron and steel plants. Some poor iron quartzites of the 
Olenegorsk type in southern Karelia are being considered as possible 
substitutes for Olenegorsk raw ore in the Northwest Iron and Steel Plant 
because they would not have to be transported so far. Quartzite from 
the Petrozavodsk region could be delivered to the plant at Cherepovets 
for seven rubles per ton less than ore from Olenegorsk. 

Intensive postwar prospecting for supplies closer to Leningrad than 
the Kola Peninsula turned up only one deposit worth careful study. In 
1945 a magnetic search by air located a magnetic anomaly at Gimol'sk, 
between 62°55’ and 63°15’ N on the meridian of 32?oo' E. The region 
is reached by a 200-kilometer highway from the city of Petrozavodsk. A 
number of samples varied from 27 to 39 per cent iron but were extremely 
high in silica, from 43 to 55 per cent. The quality of the ore is so similar 
to the analogous deposits in the Kola Peninsula that building the neces- 
sary railroad facilities into the region would seem out of the question. 

To demonstiate how desperately short of iron ore the Soviets are in 
the northwest region, one needs only to point out that they are attempt- 
ing to enrich Volkovsk ore, near Leningrad, which averages about 10 
per cent iron! 


North-Central Urals Iron Ores 


Unlike those of southern Russia, the iron ores of the Ural Mountains 
are scattered in relatively small deposits over a large area. They con- 
tain many other valuable minerals in conjunction, such as nickel and 
titanium, as well as some harmful elements, particularly sulphur, found 
mostly in copper pyrites. Some of the Ural ores are high in phosphorus. 
Both iron content and physical structure are extremely variegated and 
their deposition requires diverse mcthods of mining. To facilitate orderly 
presentation in our description, we shall divide the north-central Urals 
into two areas: first, the western Urals including Kirov and Molotov 
oblasts, and second, Sverdlovsk Oblast. 

On the extreme western slopes of the Urals at Omutninsk, in Kirov 
Oblast, is produced the only siderite in the Soviet Union. A typical 
analysis of the best grade of this ore shows 37 per cent iron, 2 per cent 
manganese, and 0.035 per cent phosphorus. About 27 per cent of the ore 
by weight is carbon dioxide, which is driven off by calcining and gives a 
good, easily reducible ore. Such high-grade deposits, however, are rare, 
and usually the iron content even after calcination is only 36 to 40 per 
cent, with a Jot of sulphur and phosphorus remaining. The slag is very 
hard to remove, resulting in a bigh-silicon pig iron that even when 
smelted with charcoal at the local works is still so high in silicon that 
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it can be used only as foundry iron.” Far north in Molotov Oblast, on 
the western slopes of the Urals at Mount Iubryshka along the Vishera 
River, is a deposit of titanium-magnetite. The iron content averages 30 
per cent, with total supplies estimated at 10,000,000 tons. Titanium oxide 
comes to about 8 per cent and it is believed to be smelted at Chusovoi, 
where small amounts of vanadium are also recovered. In the Kizel- 
Chusovoi region are also found small deposits of fairly rich (50 per 
cent iron) magnetite.?6 

The great majority of ore in the north-central Urals is found in 
dozens of deposits scattered throughout Sverdlovsk Oblast. Turning our 
attention first to the far north we find a group of four deposits in the 
Ivdel region. The ores have been carefully studied in connection with 
the proposal to build a big new iron and steel plant in this region,3? 
The region in the northern part of Sverdlovsk Oblast covers an area of 
22,000 square kilometers on the eastern slope of the Urals. In the ex- 
treme north, near Polunochnoe, are the Severnaia mines. In the southern 
part of the Ivdel region at the northern tip of the raliroad is Sama, and 
a few kilometers south of Sama are two other stations at Maslovo and 
Marsiati. 

Severnaia Mine No. 2 is a deposit thirty-two kilometers in length; it 
was prospected in 1913-14 and 1930-32. South of it is another strip 
twelve kilometers long and known as Severnaia Mine No. 3, discovered 
in 1898 and prospected in 1916-1918 and 1930-1932. A second strip of 
ore to the east includes Mine No. 1. Mine No. 3 has been studied more 
thoroughly than the others because it is more accessible; its reserves, 
however, are small. Their quantity was checked in 1942-1944. The ore 
of all three mines is rich magnetite. In Mine No. 1 the iron content varies 
from 50 to 67 per cent, sulphur from 0.02 per cent near the surface to 
1.66 per cent at a depth of 50 meters, phosphorus from 0.01 to 0.20 per 
cent, and silica from 7 to 20 per cent. At Mine No. 2 the figures are as 
follows: iron 55-68 per cent, silica 7-14 per cent, sulphur up to 2.8 per 
cent, copper up to 0.38 per cent, and phosphorus up to 0.08 per cent. 
Mine No. 3 is the best of all, with iron 58-64 per cent, sulphur 0.05-0.23 
per cent, phosphorus up to 0.04 per cent, copper up to 0.17 per cent, and 
silica about 9 per cent. The gangue in all three will make satisfactory 
slag. 

In 1945 Mine No. 1 was being prepared for exploitation, but the 
other deposits had not been touched. No. 1 can be worked by open-pit 
methods with a minimum of capital investment. Nos. 2 and 3 could be 
started as open-pits and later go underground. Their ore needs crushing, 
sifting, and separation. The railroad would have to be extended to reach 
all three mines. Following the extensive prospecting in 1930-1932, the 
whole Severnaia group was reported to have a total of 71,255,000 tons 
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of ore, which could be worked up into 26,720,000 tons of pig iron, or the 
minimum required for building a modern iron and steel plant. 

The Sama deposit is an ore-bearing strip seven to ten kilometers wide 
and thirty-five to forty kilometers long. It is brown ore, which when 
smelted in 1935 at Serov works showed the following average content: 
iron 44.24 per cent, phosphorus 0.063 per cent, sulphur 0.012 per cent, 
silica 10.9 per cent, and water 10.77 per cent. The deposit lies close to 
the railroad and much of it could be mined by open-pit methods. In 
1945 housing was available, as was a branch railroad, an electric power 
station, and a limestone quarry. The deposit was being mined in the 
early thirties but may have been subsequently shut down. 

The Maslovo deposit of magnetite and hematite is much smaller than 
the others and the reserves are not large; but the quality of the ore was 
dependable enough so that in 1943, during World War II, a mine was 
put into operation. It is significant that the deposit had been discovered 
in 1875 but was not considered worthy of exploitation until other ores 
of the region became exhausted. The upper layers are mostly martite. 
The average iron content is 50.08 per cent, sulphur 0.23 per cent, phos- 
phorus 0.065 per cent, and silica 11.20 per cent. 

All that is known about Marsiati is the existence of a mining organ- 
ization to produce both iron and manganese ore. 

Immediately south of Ivdel, but still far north in the Urals, is the 
region around the city of Serov with its medium-size iron and steel 
plant operating both charcoal and coke blast furnaces. Mining activity 
centers in the twin cities of Krasnoturinsk and Karpinsk (formerly Bogo- 
slovsk), thirty kilometers by rail northwest of Serov. The Serov mill has 
beneficiation facilities, including a sinter plant (since 1946) to treat the 
heterogeneous ores shipped to it from the various small deposits we are 
about to describe.** 

In 1946 a new mine was turning out ore from Auerbakhov, the closest 
deposit to the Serov works twenty kilometers away. At the end of World 
War II the facilities were expanded by construction of an additional new 
mine. The deposit contains two types of ore, magnetic and brown. Ac- 
cording to Pavlov the latter is poor, ocherous, and very unsuitable for 
blast-furnace smelting in both its physical and chemical composition. 
The low ratio of silica to alumina in the gangue produces a thick slag. 
Physically the ore is extremely friable and powdery, and at the same 
time it comes out of the mines in lumps. Hence it breaks down into 
powder and dust in the process of transportation and hauling. It cannot 
be enriched by wet-washing, and the only way it can be utilized at all 
is in the form of sinter. The deposits of magnetite and some martite were 
not utilized before the end of World War II, because the presence of 
sulphur and copper necessitates preliminary beneficiation. Both the mag- 
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netite and the martite, however, are very rich, averaging 61 per cent 
iron. The phosphorus content is low. but at the same time too high for 
the production of Bessemer steel. 

At the end of the Second World War two additional shafts were sunk 
in the nearby Vorontsov deposit. It differs from Auerbakhov in that the 
ore is predominantly hematite, mixed with some martite, and lies in thick 
clay, which hinders mining operations and contaminates the ore. To 
enrich the ore and remove the clay, the ore is washed; the concentrate 
contains an average of 6o per cent iron, 0.051 per cent phosphorus, 
0.004 per cent sulphur, 12 per cent silica, and 7 per cent alumina. 

The Pokrovsk deposit in the same region contains relatively poor 
magnetite with insignificant traces of martite. Iron content varies from 
46.8 to 64.7 per cent, averaging about 51 per cent. The ore being mined 
contains an average of 0.11 per cent sulphur, but other sections have as 
much as 0.73 per cent. The average chemical composition of the ore 
mined in 1947 was 11.4 per cent silica, 5.2 per cent alumina, and 7.98 
per cent calcium oxide. The ore is crushed at the mine and subjected to 
subsequent magnetic separation that raises the iron content and cuts the 
sulphur in half. 

A mine was also built at the end of the war in the Kapital deposit 
of the same area. It turns out magnetite with the following average com- 
position: iron 55.30 per cent, silica g.o per cent, alumina 4.4 per cent, 
calcium oxide 5.22 per cent, and sulphur 0.24 per cent. Together with 
Pokrovsk the Kapital deposit in 1947 provided so to 60 per cent of the 
agglomerate consumed in the Serov blast furnaces. In 1946 the discovery 
of large iron ore deposits within the city limits of Krasnoturinsk was re- 
ported. Purportedly they eventually will become the main base for the 
Serov works, but no information is available on the basis of which such 
a claim could be judged. 

In 1932 the total known supplies of iron ore in the whole Karpinsk 
area, which we have just described, amounted to 21,119,000 tons, which 
would provide only 7,920,000 tons of pig iron. The big majority were in 
the well-studied A -+ B category, and since this area has been combed 
over for such a long period it is doubtful if very large reserves have been 
discovered since 1932. In 1934 the Karpinsk (Bogoslavsk) mines pro- 
duced 199,000 tons of ore. 

Moving south we come to the most important ore region in Sverd- 
lovsk Oblast. Magnetic ore for the big Novo-Tagil works as well as for 
small charcoal works comes from the Tagil-Kushva region (58°N, 
60*E).9? The bulk of the ore is found in three mountains, Vysokaia, 
Lebiazhka, and Blagodat. 

i. Total reserves of the Vysokogora deposit amounted in 1932 to 
60,000,000 tons, averaging 54 per cent iron. Almost all were in category 
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A+ B, leaving little prospect of new discoveries. For two centuries the 
mountain supplicd excellent ores for the Demidov works and then for 
twenty-five years thereafter to other Ural works, to be used for Bessemer 
stecl and welding iron, which had to be Jow in sulphur and phosphorus. 
But to attain that high quality, the Demidov operators had to discard the 
poorer ores. These dumps are now being reworked by the Soviet Rus- 
sians. They consist of 52 per cent poor ore, containing only 33 per 
cent iron, and 4o per cent rich magnetite ore, containing 60 per cent 
iron but 1.5 per cent sulphur. 

In 1934 the Vysokaia ore was already being worked at the rate of 
724,000 tons a year. From the time it was reconstructed until 1949, 
Mount Vysokaia had disgorged for Soviet miners twice as much ore as its 
private owners, the Demidovs, had obtained in 225 years. A little miner's 
jingle expresses what happened to the mountain: "There once was a 
Mount Vysokaia [high], but it's become a pit glubokaia [deep]." In con- 
nection with the construction of the Novo-Tagil works, further prospect- 
ing uncovered new ores rich in iron but extremely high in sulphur (3 
per cent), copper (1.5 per cent), and phosphorus (0.3 per cent). To 
make the regional ore supply last longer, the Russians now have to ex- 
tract the poor as well as the good ore from the mines and submit much 
of it to beneficiation, both to enrich its iron content and to reduce the 
content of harmful sulphur and copper. All of the old dumps of ore dis- 
carded by the Demidovs are scheduled for this treatment. The Fourth 
Five Year Plan called for the building of crushing, concentrating, and 
sintering plants at both Vysokaia and Blagodat, and by 1948 all of these 
units were reported complete. In 1949 and 1950 the Vysokogora mines 
filled their output goals ahead of schedule. 

Seven different types of Vysokaia ore contained from 2 to 9 per cent 
silica, 0.03 to 0.08 per cent phosphorus, and 0.02 to 1.50 per cent sulphur. 
The manganese content of these samples varied from 0.8 to 1.5 per cent, 
which is high enough to obviate the addition of more manganese for 
conversion iron. The iron content ranged from 53 to 61 per cent. 

2. The well-prospected reserves of the Blagodat’ deposit in 1932 
totaled 87,685,000 tons, averaging 50 per cent iron. Blagodat is just south 
of Krasnoural'sk. Compared to the Vysokaia ore, seven typical samples 
show the Blagodat' ore to be more silicaceous (5 to 20 per cent), much 
more phosphoritic (0.1 to 0.6 per cent), but much less sulphurous (0.0 
to 0.15 per cent). In both manganese and iron the Blagodat’ ores are 
somewhat poorer, ranging from 0.4 to 1.16 per cent in manganese and 
35 to 60 per cent in iron. Part of the Blagodat deposit produces ore 
mixed with feldspar. For many years ore high in feldspar, but high also 
in sulphur, has been stored at the mines in anticipation of discovering a 
method of separating the sulphurous pyrites from the magnetite. 


THE INFLUENCE OF IRON ORE SUPPLIES 169 


Under the wartime pressure to increase the output of steel plants 
which were out of reach of the German invaders, resources were poured 
into iron ore mines behind the Urals bastion. At Blagodat’ alone capital 
investment increased another 40 per cent. In July 1945 a new mine went 
into operation with an ultimate capacity of 1,500,000 tons a year. During 
1945 35,000,000 rubles were allotted to this one mine, with the expecta- 
tion that output would increase in 1945 by 200,000 tons. This mountain, 
like its neighbor Vysokaia, is being literally chewed to bits. During the 
Second World War, Blagodat’ produced more iron ore than it had during 
the previous 140 years of its existence. It is not surprising to learn, there- 
fore, that in spite of all this investment Goroblagodat’ is having trouble. 
In 1950 the mines had not met their output quotas for a long time. The 
open-pit excavating shovels were literally getting in each others way, 
and Blagodat’ miners were blamed for holding the iron and steel plants 
at Kushva and Nizhnii Tagil to "starvation rations." 

3. The Lebiazhka deposit is the smallest and the poorest of the three, 
with about 19,000,000 tons of ore averaging 37 per cent iron. The deposit 
has long been known but was not exploited because of the high content 
of phosphorus. Then it was worked for the production of open-hearth 
pig iron. The eastern parts of the deposit contain 6 per cent apatite (or 
1.2 per cent phosphorus) and the other sections less, so that it is neces- 
sary to grade the Lebiazhka ore according to the phosphorus content, 
the three grades averaging 0.30, 0.33 and 0.87 per cent. In other respects 
the chemical composition is very similar to that of Vysokogora. 

The physical composition of the Tagil-Kushva ores is satisfactory for 
blast-furnace use. The calcined ore has a strong tendency to break up 
into fines, whereas the raw ore as charged into the coke blast furnaces is 
too lumpy to be easily reduced, so part of the mix is specially prepared 
to improve its reducibility. However, as reported in Chapter 4, the ores 
of Vysokaia and Blagodat contain a great deal of alumina (usually be- 
tween 23 and 26 per cent). This causes no trouble in small charcoal fur- 
naces, but it interferes with the operation of the big furnaces at Novo- 
Tagil. The year 1954 was particularly bad for the new plant, and the 
management blamed its troubles on the local ore. 

About one hundred miles southeast of the Tagil-Kushva region is 
Alapaevsk, where charcoal blast furnaces have consumed local ore since 
1702.'° During the Second World War construction of a small new blast 
furnace was begun, and it was completed in 1946. Alapaevsk ore is also 
consumed as part of the furnace charge at other plants in the north- 
central Urals. The main ore body lies at Zyrianovskii, just south of the 
city, and about twenty kilometers north of the city is another deposit at 
Siniacbikha. In 1932 the Alapaevsk group had total reserves of 73,400,000 
tons of brown ore. These supplies, however, when smelted would pro- 
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vide only 13,094,000 tons of pig iron. Pavlov indicates that further dis- 
coveries have been made recently in spite of the fact that the region 
has been worked over for 250 years. In 1934 Alapaevsk produced 80,000 
tons, Zyrianovskii 133,000 tons, and Siniachikha 97,000 tons of ore. The 
main supplies of ore contain about 37 per cent iron, but in certain sam- 
ples it reaches as high as 50 per cent. The analyses of five different types 
of Alapaevsk ore show silica from 10 to 25 per cent, alumina from 2 to 7 
per cent, phosphorus about 0.1 per cent, and also some traces of sulphur. 
The low content of alumina makes the ore a valuable addition to furnace 
mixes containing ores high in alumina. The presence of fair amounts of 
decomposed siderite makes it necessary to calcine the ore before using it. 

Moving south from the Tagil-Kushva region, one encounters Per- 
voural'sk (fifty kilometers northwest of the city of Sverdlovsk), where in 
1932 there was reported a total of 10,000,000 tons of titano-magnetite 
containing an average of 55 per cent iron. One analysis made in 1950 
shows much less iron (38.52 per cent), 3.27 per cent titanium oxide, 
15.16 per cent silica, 10.27 per cent alumina, 0.268 per cent vanadium, 
and o.017 per cent phosphorus. It has been mixed with Kusa ore from 
the southern Urals and smelted at Chusovoi. The ore is very dense and 
brittle, and when crushed it breaks down into powder. Both its physical 
and chemical characteristics make it very difficult to smelt. + 

On the southern border of the oblast, one hundred kilometers south- 
east of Sverdlovsk, are the ores of Kamensk-Ural'skii, sometimes referred 
to as the Sinara region. There in 1932 were reported 80,000,000 tons of 
brown ore averaging 40 per cent iron. In 1934 this deposit turned out 
147,000 tons of ore for Urals blast furnaces, and mining there has con- 
tinued to the present time. 


Southern Urals 


The bulk of both resources and production of ore in the Urals is 
found in the southern reaches of the mountain range. By far the most 
important deposit is Magnitogorsk, but we shall first describe two other 
ore-bearing regions in the area. The first of these is the region of Zla- 
toust, 120 kilometers due east of the big iron and steel center of Chelia- 
binsk. 

At Bakal, 60 kilometers southwest of Zlatoust, is a rich deposit of 
brown ore, the second biggest deposit in the southern Urals.42 Total 
reserves in 1932 amounted to 137,000,000 tons, averaging 48 per cent 
iron. By 1934 Bakal mines were turning out 673,000 tons a year; but 
since the opening of the Cheliabinsk works during the war, the ore out- 
put of Bakal must have increased several times. About 75 per cent of the 
total ore is limonite, 10 per cent siderite, and much of the remainder is 
turgite. The latter is rich in iron, much of it 60 per cent, but so powdery 
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as to be unusable in its natural state. A typical sample of the limonite 
contains 52 per cent iron, 11 per cent water, 5 per cent silica, and 2.5 per 
cent alumina. After sintering, the limonite is not easily broken up; it 
contains a small percentage of fines, negligible phosphorus and sulphur, 
and 58-60 per cent iron. The siderite is chemically complex and hetero- 
geneous, containing around 30 per cent iron. After the necessary sinter- 
ing, the ore is friable, not easily powdered, and particularly free from 
phosphorus, containing about 0.004 per cent. Manganese in all three 
types of ore is high enough to be useful in the manufacture of ferro- 
alloys. 

Bakal ores are easily reduced in the blast furnace. The Satkinsk char- 
coal works using them shows the best results in this regard of any works 
in the Urals. Because of this favorable characteristic, Bakal ores before 
the Second World War were in demand in all of the works of the Urals 
— even in the Serov works in the extreme north, despite the high cost 
of transporting the Bakal ore such long distances. The Cheliabinsk iron 
and steel combine was put into operation during the war to take advan- 
tage of the Bakal ores. By the end of the war, however, the Russians 
were having to resort to poorer quality ores, earthy brown for the most 
part, and usually had to use them without sintering. This reduced the 
yield of pig iron and interfered with blast-furnace operations. At that 
time almost none of the siderite was being utilized, and, owing to the 
growing shortage of high-quality ores, the Cheliabinsk works was given 
the task of figuring out how to use this siderite before the end of the 
Fourth Five Year Plan in 1950. In any case, the blast-furnace operators 
were complaining about the ore and agglomerate as late as September 
1954- 

Twenty kilometers north of Zlatoust, near Kusa, are extensive deposits 
of titano-magnetite, averaging 55 per cent iron, which in 1932 totaled 
60,597,000 tons.? In chemical composition it is almost identical to that 
found at Sanford, New York, in the Adirondack Mountains. It averages 
about 14 per cent titanium dioxide and 0.35 per cent vanadium. The 
gangue contains chlorite and is very difficult to smelt — as the operators 
discovered at the Chusovoi works in the north-central Urals in 1940. 

The third deposit of the southern Urals important enough to furnish 
ore for a modern coke-consuming iron and steel works is in Bashkir 
(formerly Orenburg) Oblast, northwest of Orsk and just three kilometers 
from the Khalilovo railroad station. This deposit was prospected and 
opened by Soviet geologists, beginning in 1929. For over a decade it was 
worked only experimentally in works of the central region, but it has now 
become the base for the new Orsk-Khalilovo works, which began to 
smelt pig iron at the town of Novo-Troitsk in 1955. Reserves total nearly 
500,000,000 tons, of which 100,000,000 are A + B category. 
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Khalilovo ores lack any uniformity whatsoever — varying not only 
from one geographical location to another, but also within the individual 
deposits themselves. All the orc is firm but breaks down rather quickly 
into fines. The deposits consist of various types of brown ores. Based on 
average samples from six different shafts, the chemical composition 
varies within the following limits: silica 7 to 18 per cent, alumina 2 to 
14 per cent, sulphur 0.005 to 0.06 per cent, and phosphorus 0.127 per 
cent to o.205 per cent. The iron content of these same six samples ranged 
between 34 and 46 per cent, but is actually more variable than this 
would indicate, varying in one mine from 20 to 55 per cent, with 37 per 
cent average, and in another from 33 to 58 per cent, with 47 per cent 
average. Hydrated water comes to about 18 per cent. For the reserves 
as a whole, the average iron content is about 35 per cent. What makes 
these ores both valuable and at the same time particularly difficult to 
smelt is the presence of substantial amounts of chrome and nickel oxides. 
In the six samples mentioned above, the nickel content varied from 0.08 
to 0.69 per cent and the chrome content from 0.37 to 3.95 per cent, but in 
many places they both run higher. A necessary preliminary to the use of 
Khalilovo ores is agglomeration.*® 

The basic ore mass of the Urals, second in importance to Krivoi Rog 
among all Soviet ore deposits, is Magnitogorsk,'? which in 1937-38 pro- 
duced one quarter of the total Soviet iron ore. The ore has been con- 
sumed at such a rapid rate since the inauguration of the giant iron and 
steel plant in 1932 that one must constantly keep in mind the time factor 
when describing the deposit. Ore lies on all four slopes of the mountain, 
but the western face has been cut away and most of the mining now 
takes place on the southern and eastern slopes. Mining is by open-pit 
methods. (Two kilometers north of Magnitogorsk proper is Mount Kui- 
bas, with about 25,000,000 tons of ore, which so far as we know have 
not yet been utilized.) In 1932 total supplies at Magnitogorsk were esti- 
mated at 303,100,000 tons of magnetite, averaging 59 per cent iron. These 
supplies, allowing for exploitational loss, were expected to produce a 
total of 136,395,000 tons of pig iron. Assuming an annual output of 
4,000,000 tons, which is not too much to expect from the eight blast fur- 
naces in 1932, all of the supplies, good and bad, known in 1932 would 
be exhausted by the mid-1960's. 

This estimate does not allow for the Kuznetsk plant, which in 1932 was 
expected to utilize Magnitogorsk ore for about three-quarters of its blast- 
furnace charge, and which did so until the Second World War. The two 
plants together now produce 7,000,000 tons of pig iron a year. At that 
rate, the total supplies known in 1932 at Magnitogorsk would have been 
exhausted by now. Subsequent prospecting, however, increased the 
known supplies, so that in 1936 reserves were 485,000,000 tons, averaging 
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56 per cent iron. All of the reserves at Magnitogorsk are in the A + B 
category. We have no precise figure for Magnitogorsk for 1938, but we 
do know that ores of this category in Cheliabinsk Oblast declined by 
39,000,000 tons between the end of 1936 and the beginning of 1938. It 
is, therefore, not unreasonable to assume that the total reserves of Mag- 
nitogorsk on January 1, 1938, were in the neighborhood of 450,000,000 
tons. Using the same basis for calculation that the Soviets used for their 
1932 calculation, the pig iron yield would be 192,000,000 tons. We can as- 
sume that the combined consumption of Magnitogorsk ore by both works 
yielded an average of about 4,000,000 tons of pig iron a year from 1938 
to 1950. If we assume that 30 per cent of the Kuznetsk mix will have to 
be Magnitogorsk ore and that the twelve blast furnaces of both plants 
continue to operate at their present productivity and capacity, then Mag- 
nitogorsk ore will yield at least 5,000,000 tons of pig iron a year from 
1951 on. This rate would exhaust the deposit by about 1978. As we shall 
show, however, it would be very difficult to utilize all of this ore. 

The ore is divided mineralogically into two zones, upper and lower, 
which differ radically in the make-up of the gangue. The lower zone 
includes 55 per cent of the reserves. The composition of the gangue of 
each zone is shown in the accompanying tabulation. 


Upper zone Lower zone 

Martite, magnetite.......... 87.0 per cent 70.0 per cent 
Garnet powder. ............- 4.5 12.7 
CORhlornito; it e ute 2.5 7.4 
Porcelain elay. vias. canet eos 3.3 — 
Quartz.... 1.7 — 

Calcite — 3.5 

Pyritedv is. ee eR 0.4 6.0 
Apntite....... ccc eee ee ees O18 0.15 


Onc immediately notices that the lower zone has much more garnet and 
correspondingly less iron ore, but far more significant is the very high 
content of pyrite (6 per cent and even somewhat higher than this). Pyrite 
is iron sulfide; hence the lower zone simply reeks with one of the most 
troublesome elements that can be charged into a blast furnace. The 
lower zone averages about 3.2 per cent sulphur. American smelting- 
plant operators would be appalled at the prospect of using such ore. One 
authority tells us that “for metallurgical reasons they [the operators] want 
the ore’s sulphur content as low as possible, certainly not over 0.10 per 
cent . . . Shipments from the Lake Superior district over the past 20 
years have averaged . . . 0.02 per cent sulphur." 48 

When journalists and other nontechnical people, such as Bal'zak, talk 
about Magnitogorsk ore they mention only the marvelous ore of the 
upper zone. They fail to mention that the upper zone has been almost 
all skimmed off and that Magnitogorsk is now faced with the headaches 
of smelting the much poorer ore of the lower zone.1? 
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The above analysis indicates that the gangue of the ore of both zones 
is predominantly iron-bearing silicates (garnet and chlorite). Moreover, 
the relationship between the iron oxides (martite and magnetite) and 
the gangue is unstable, varying greatly in different sections of the de- 
posit. The chemical composition of the ore, therefore, is unstable. The 
upper zone is richer in iron content than the lower zone because it has 
a higher percentage of pure iron oxides. Furthermore, iron content varies 
according to the size of the ore lumps — the smaller the lumps, the 
poorer the ore; and the deeper the mine, the larger the share of small- 
fracture, poor ore. Based on a nine months' average, the upper-zone ore 
shipped to Kuznetsk contained 55.71 per cent iron, 7.06 per cent silica, 
4.01 per cent alumina, 0.083 per cent phosphorus, and 0.026 per cent 
sulphur. The upper-zone ore used at Magnitogorsk itself averaged about 
58.5 per cent iron and in other respects differed little from the ore sent 
to Kuznetsk. 

The phosphorus content of the ore produced in 1942 averaged less 
than 0.35 per cent, so that, if the ore alone were considered, it could be 
used to make acid Bessemer steel. Kuznetsk coal, however, is relatively 
rich in phosphorus, which may explain why the Bessemer convertors were 
eliminated from the original plans for Magnitogorsk. Karaganda coal, 
however, is low in phosphorus, so that by a proper mixture, the Russians 
hope in the future to produce cheap Bessemer pig iron at Magnitogorsk. 
Run-of-the-mine ore from the upper zone contains about 6 per cent water 
and about 25 per cent fines below 3 millimeters in diameter. In this re- 
spect it is much better than most other Soviet ore, and experience has 
shown the Magnitogorsk ore is easily smelted in the blast furnace. 

In 1913 private capitalists dug out 200,000 tons of Magnitogorsk ore, 
but large-scale production did not begin until the opening of the big 
new plant in 1932. Thereafter output rose precipitously from 1,400,000 
tons in 1932 to 3,600,000 in 1934, and to 6,300,000 in 1940. The 1941 
Plan called for a reduction of output, but the occupation of the Ukraine 
forced the Soviets to exploit Magnitogorsk ores at an even faster rate. 
During the war years, output averaged nearly 8,000,000 tons a year. 'The 
1950 Plan, in one of the rare cases where it called for an absolute reduc- 
tion below the prewar level, planned for only 98.3 per cent (or 6,200,000 
tons) as much ore as was actually produced in 1940. It must have been 
impossible to hold 1950 production down to the planned level, because 
the plant considerably exceeded its pig iron production goal in 1950.59 

Discussing Magnitogorsk ore, a Soviet writer lashes out at the seem- 
ingly criminal behavior of tsarist entrepreneurs with regard to such a 
priceless natural resource. Éver since 1747, "the company owning the 
Beloretsk Iron Works nearby simply played havoc with the layers of ore. 
Every year as soon as snow covered the steppes long caravans moved 
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between Beloretsk and Mount Magnitka. These wise proprietors took the 
best from this mountain, the best ore from admixtures lying on the sur- 
face. They took over 50,000 tons every year." 9! This tirade is simply a 
case of the pot calling the kettle black. The Soviet “proprietors” followed 
an identical procedure, the only difference being that instead of taking a 
mere 50,000 tons of the best ore every year they took 5,000,000. The re- 
sults, as they emerge from scattered reports, are just what one would 
expect. 

As long as possible, mining was confined to the upper layer, but dur- 
ing the war, in order to meet the increased demands, Magnitogorsk 
shovels had to bite deep into the lower level. In 1944 the proportion of 
top layer blast-furnace ore fell from 60-65 per cent down to 36 per cent. 
At the same time the iron content of the ore fell below 50 per cent. Even 
so the sulphurous ore was discarded. It soon became apparent that the 
plant could not long depend solely on high-grade ore. As Gregory Nosov, 
the plant director, put it in December 1946, "ended is the one-sided 
use of only the rich ore of Mount Magnitka.” 5? By the end of 1947 it 
was finally admitted that the reserves of low-sulphur ore at Magnitogorsk 
had been to a considerable degree exhausted and that only high-sulphur 
ore remained. The rapid depletion of top-grade ore made the intro- 
duction of various kinds of beneficiation absolutely essential. 

A conventional ore-preparation plant, which includes crushing, en- 
riching, and agglomeration, has operated since mining began on a large 
scale in 1931; but until the war it treated only a small share of total 
production. Beginning in 1942, more attention was paid to crushing and 
concentration. The general rule as late as 1947 was to enrich only ore 
containing less than 50 per cent iron (or in some cases 45 per cent), but 
the shift to the lower zone significantly increased the production of poor 
and powdery fines so that about 50 per cent of all ore charged into Mag- 
nitogorsk blast furnaces was then being sintered. By the end of 1951, 75 
per cent of the ore was charged in the form of agglomerate, and by 1954 
the figure had reached go per cent.5* 

A problem much more difficult to solve than these ordinary beneficia- 
tion procedures was how to make use of the high-sulphur ores of the 
lower-level deposits. Demands were voiced toward the end of the war 
for a special sulfide-ore treatment plant, and one was included in the 
Fourth Five Year Plan. It was completed and went into operation in 
November 1947. The sulfide plant, however, did not solve the problem 
of enriching the iron content of the poor ores encountered in the sul- 
phurous zone, so in 1951 they completed a new concentration factory at 
Magnitogorsk. These methods are not permanent "solutions," but are ex- 
pedients to mitigate a steadily worsening situation and are limited in 
their scope. As a result of a number of experiments, the Soviet tech- 
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nicians have found that they cannot get satisfactory results with ore con- 
taining 6 per cent pyrite or more. In other words, they cannot reduce 
sufficiently the sulphur content of raw ores containing more than 3.0 to 
3.2 per cent sulphur. This, however, is the average sulphur content of all 
of the ores of the lower zone, which means that half of the lower zone is 
unusable even with special preparation.” 

The seriousness of the developing shortage of iron ore at Magnito- 
gorsk was best appreciated by the plant's enterprising director, Gregory 
Nosov. In a series of articles in the daily and technical press, he urged 
Soviet authorities to do something about it. As soon as the war was over, 
in the summer of 1945, a number of parties were sent out to prospect 
the southern Urals and adjacent areas.*9 

Even in the original planning of the combine, it was anticipated that 
its reserve ore base would be the Komarovo-Zigazinsk region in Bashkir 
ASSR, 150 to 180 kilometers west of Magnitogorsk, or 120 kilometers as 
the crow flies? At that time there seemed to be many deposits of bog 
ore in the region. The deposits are small and scattered over a large ter- 
ritory. In 1932 Soviet geologists estimated total supplies of 100,000,000 
tons, averaging 48 per cent iron, which would supply 41,000,000 tons of 
pig iron. Subsequent study lowered the estimated average iron content to 
40 per cent. Manganese is high, about 1.2 per cent, and harmful impuri- 
ties low; sulphur is 0.015 per cent, and phosphorus 0.05 per cent. Silicate 
varies from 13 to 26 per cent and alumina from 3 to 10 per cent. 

When, however, Magnitogorsk was actually faced with the prospect 
of using this ore and of having to build a railroad to connect the steel 
plant and ore deposits, several serious disadvantages became evident. 
The countless individual little deposits were characteristically buried 
under large overlays of dirt. The character of their deposition calls for 
expensive methods of exploitation. Very little can be open-cut. Most of 
it has to be worked by underground shafts. To meet the needs of Mag- 
nitogorsk would require simultaneous operation of the 18 to 20 mines 
now in existence as well as many new ones. A big complex network of 
underground railroads would have to be built under adverse conditions. 
For these reasons, as well as the low quality of the ore, it became neces- 
sary to look elsewhere to find a satisfactory second base for Magnito- 
gorsk. 

In 1943 the Urals Division of the Ministry of Geology began pros- 
pecting the Dzhetygara deposit, which had been opened up in 1938. 
These deposits are spread out in the southern part of Kustanai Oblast 
just over the border in Kazakhstan. They extend from Dzhetygara, eighty 
kilometers southeast of Magnitogorsk, into the Dzetigansk region, 120 
kilometers southeast from the Bredy station of the Southern Urals Rail- 
road. The ore-bearing rock is magnetite, qualitatively similar to that of 
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Iron and Steel] is also extremely slow in solving the problem of further 
development of the ore base of the combine." Still worried, he wrote 
another article for Pravda on May 16, 1955, in which he described the 
technical problems that cried out for solution, warning his superiors that 
"the scheme for enriching raw ore at our combine does not meet present 
requirements and further work along present lines would be wasted 
effort. Therefore, we are obliged to solve right away several problems 
facing the combine whose solution cannot be postponed." Regardless of 
the eventual solution of these problems, it is extremely significant that 
Magnitogorsk is even considering the substitution of such poor and dis- 
tant deposits for what has long been considered one of the world's best 
deposits of high-grade iron ore. 


Western Siberia 


In recent years, local ores have been increasingly substituted for Mag- 
nitogorsk ore in the four big blast furnaces at the Kuznetsk works far off 
in western Siberia. This development, as we shall see in Chapter 12, was 
in the first instance an attempt of the Soviets to extricate themselves 
from the transportation difficulties that they got into by trying to shuttle 
iron ore and coal back and forth over 1,500 miles of railroad. It was only 
secondarily an attempt to conserve the dwindling supplies of Magnito- 
gorsk ore. Ever since the famous Urals-Kuzbass combine came into full 
operation, the Soviets have been trying desperately to break it up again. 
Their greatest success in this effort has been the use of local ores at 
Kuznetsk. When we get through describing these local ores, the reader 
will understand how desperate this attempt really is. 

The local ores of Western Siberia consumed at Kuznetsk are found 
in the Gornaia Shoriia region in the southern part of Kemerovo Oblast. 
The usable ores of this region are divided into two groups, one known as 
the Tel'bess group and the other as the Kondoma group. The former is 
about go kilometers by railroad southeast of the iron and steel works, 
and the latter lies twice as far into the mountains, 200 kilometers from 
the steel plant? The Tel'bess group consists of three main deposits: 
Tel'bess proper, on a short spur running northeast from the beneficiation 
plant at Mundybash, Temir-Tau, about fifteen kilometers south along the 
railroad, and nearby Orda-Bash. The Kondoma group consists of three 
main deposits — Sheregesh, Tashtagol, and Shalym, all within a few kil- 
ometers of each other at the end of the railroad — and a fourth very 
small deposit farther south in the mountains on the other side of the 
Kondoma River. 

Reserves for the Gornaia Shoriia region in 1932 totaled 138,199,000 
tons, of which only 20,603,000 were in the A + B category. These in- 
cluded all the little miscellaneous deposits and at the maximum could 
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have provided an estimated 40,490,000 tons of pig iron. Nothing signifi- 
cant was discovered in the following six years, because in 1938 total 
reserves for all of Novosibirsk Oblast, which at that time included Gor- 
naia Shoriia, came to 145,000,000 tons, of which 64,000,000 were A + B. 
The significance of these ores is out of all proportion to their size and 
quality, because of their strategic location and importance to the Mag- 
nitogorsk-Kuznetsk problem. We shall, therefore, briefly describe each 
of the deposits. Their chemical characteristics, as of 1947, are given in 
Table 27. 

First we shall describe a deposit that is not on the 1947 table because 
it is all worked out, but which, nevertheless, often shows up in descrip- 
tions of Soviet ore supplies. Until 1939 almost the only local supplier of 
ore to the Kuznetsk works was Mount Tel’bess. In 1936 it supplied one- 
quarter of the total blast-furnace charge, but in 1937 its share dropped 
to one-seventh, and during the Second World War Tel’bess ores were 
exhausted. It had been mined since 1771, when the first charcoal iron 
works was built in the area on the left bank of the Tom' River, fifty kil- 
ometers west of the present city of Stalinsk. Telbess was carefully 


TABLE 27 


CHEMICAL COMPOSITION OF WEST SIBERIAN ORES, 1947 
(Geologically weighted average in per cent) 


Fe Zn S P 8,0, ALO, CaO MgO 

In use 

Tashtagol........ 50.80 0.06 0.06 0.14 11.8 41 6.1 0.8 

Temir-Tau....... 47.70 1.05 2.52 0.08 13.9 6.6 54 5.6 

Orda-Bash....... 41.20 0.15 0.15 0.04 20.0 4.2 9.4 1.4 
Prepared for use 

Shalym.......... 46.65 0.08 1.59 0.06 13.0 4.0 7.1 2.5 

Sheregesh........ 47.30 0.18 0.77 0.07 — — — — 
Surveyed 

Kochura......... 45.50 0.07 1.69 0.08 — — — — 


Source: M. V. Lugovtsov nnd A. A. Sigov, "Battle with the Harmful Effects of Zinc at 
Kuznetsk Works," Stal’, 1947, no. 7, p. 593. 


prospected in 1913-1916 by tsarist engineers, who even began to build 
a railroad from Kuznetsk to Tel’bess in 1916, but an accurate survey 
was not made until 1926. The total supplies in 1932 were estimated 
to be 1,749,000 tons of magnetite, averaging 45 per cent iron. All of 
these reserves were class A+ B, which left no geological supplies 
of class C as potential future supplies in addition to those already 
carefully prospected. Allowing for exploitational loss, this could only 
provide 670,000 tons of pig iron. The average iron content turned out to 
be considerably less than 45 per cent. Some of it charged into blast fur- 
naces contained only 40 per cent, and the annual output averaged only 
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42.36 per cent. The average silica content was extremely high (20.30 
per cent), alumina was 6.34 and calcium oxide 11.53 per cent. The harm- 
ful elements, such as sulphur (0.1 per cent) and phosphorus (0.07 per 
cent), were low enough and the physical composition good enough that 
the ore could be charged into the furnaces with no more preparation than 
a little crushing. Nevertheless, there was a sinter plant at Mundybash 
in 1937 capable of agglomerating up to 60,000 tons a month.$? 

With the approaching exhaustion of Tel'bess, the Kuznetsk works in 
1939 had to resort to the ores of nearby Temir-Tau, which to date is 
still the most important local source of ore for current operation. To 
begin with, it had only 12,605,000 tons of total reserves of magnetite, 
averaging 45 per cent iron, which at best could yield no more than 4,000,- 
ooo tons of pig iron. The richest ore was found in the western part of 
the deposit, which was worked out by 1945. In iron content Temir-Tau 
ore is richer and in silica content it is lower than Tel'bess ore, but chemi- 
cally it is far inferior to Tel'bess ore because of its extremely high con- 
tent of sulphur, averaging 2.52 per cent, and zinc, averaging 1.05 per 
cent. The reader is already familiar with the problems of sulphur, but 
zinc is something new and different, as Kuznetsk metallurgists soon dis- 
covered. Offhand, the presence of only 1 per cent of an impurity does 
not sound bad, and so economists and geographers surveying Soviet re- 
sources and industrial potential have either ignored zinc content or dis- 
missed it with a passing remark. This is comparable to accepting at its 
face value the advertising claim that a certain soap is 99.44 per cent pure 
and discovering later that the 0.56 per cent impurity is ground glass. 

The zinc problem can best be understood in terms of the experience 
at Kuznetsk with Temir-Tau ore. Blast Furnace No. 4 had operated well 
for two vears and four months on a mixture of Maguitogorsk and Tel'bess 
ore containing o.1 per cent zinc; but after operating only four months 
on a mix containing 0.2 per cent zinc, the furnace broke down. The same 
thing happened to Furnace No. 3. Why? The zinc sulfide in the ore is 
reduced inside the furnace to zinc oxide and in that form deposits on 
the inside walls of the furnace, working its way between the bricks, re- 
sulting in cracks, disintegration, and holes in the furnace wall. Shutting 
down a blast furnace for repairs is not so simple an operation as turning 
off an oven at home when you have finished baking a cake. 

To deal with this situation, the Russians have taken several steps. 
The first was to reduce temporarily the consumption of Temir-Tau ore 
and to depend on Magnitogorsk. The second was to mine selectively 
the parts of Temir-Tau ore lowest in zinc. For this and other reasons, 
the average iron content of the ore mined fell from 47.7 per cent in 
1941 to 40.5 per cent in 1942 and to only 38.3 per cent in 1943. The third 
step was to install expensive special equipment to treat Temir-Tau ore, 
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in a partially successful attempt to reduce the zinc content of the charge. 
The ore is first crushed and separated at the mine, crushed again, con- 
centrated at a special plant in Mundybash, and then sent to a sinter 
plant. Finally they had to make use of other local ore supplies freer from 
zinc. 

One of these supplies was that of Orda-Bash, which began mining 
operations from April to June 1944. Its reserves are admittedly quite 
small. Carefully surveyed in 1926, they were reported in 1932 to total 
only 2,050,000 tons of magnetite, averaging 42.5 per cent iron, all in the 
A+B category. Allowing for large exploitational losses, the maximum 
pig iron yield was estimated at only 656,000 tons. Subsequent reports in- 
dicated that most of the deposit consisted of rocky powder containing an 
average of only 41.2 per cent iron. Silica in the ore is very high (20 per 
cent) and zinc averages 0.15 per cent. This is the upper limit of zinc for 
blast-furnace operation, but at least it is much cleaner than the Temir- 
Tau ore in this regard. Before being used, it has to be crushed, sorted, 
concentrated, and sintered. 

The Kondoma group was carefully prospected as a possible local 
supply for the proposed second Kuznetsk works back in the thirties, 
when it was believed that Magnitogorsk would remain the ore base for 
the first Kuznetsk works. Because enough ore could not be found, this 
second project was abandoned; but the Kondoma ores have since been 
pressed into service to replace the ores of Magnitogorsk and Tel'bess. 

The Russians consider Tashtagol without doubt the best iron ore 
deposit in western Siberia, and they began to exploit it during the Second 
World War. Yt contributed very heavily during the Fourth Five Year 
Plan. On January 1, 1945, the mine was slightly more than half finished, 
but as mining facilities were completed, the output at Tashtagol con- 
tinued to expand, at least through 1949. In 1932 it was believed to have 
total geologically possible supplies of martite amounting to 10,000,000 
tons, which might yield up to 3,000,000 tons of pig iron. The average 
iron content of the whole deposit is 50.8 per cent, but it varies according 
to the depth. As of 1947 the Kuznetsk furnaces were getting the richer 
surface ores containing 55.2 per cent iron. As the miners resort to deeper 
layers, the quality becomes significantly worse. In view of the very small 
size of the deposit, this deterioration must be occurring at a rapid rate. 
Because of its good chemical characteristics (see Table 27), it is now 
acting as a temporary shot in the arm in the place of the high-quality 
Magnitogorsk ores. Tashtagol ore is not free of zinc, but is low in zinc 
as well as in sulphur and phosphorus. Silica at 12 per cent is not exces- 
sive, and the ore can be charged without preliminary beneficiation. 

The Shalym and Sheregesh deposits were being prepared for use in 
1947. Their reserves (all class C) were estimated in 1932 at 30,000,000 
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and 15,000,000 tons respectively, to yield a combined maximum of 13,- 
500,000 tons of pig iron. Shalym averages 46.65 per cent iron, a small 
amount of zinc (0.08 per cent, but has a high content of sulphur (1.59 
per cent). Pavlov indicates a higher content of zinc (not over 0.25 per 
cent on the average) than is reported in Table 27. Sheregesh ore has a 
respectable iron content (47.30 per cent), but is high in sulphur (0.77 
per cent) and zinc, which on the whole averages 0.18 per cent, but in 
parts averages as much as 0.83 per cent. It would hardly seem worth 
while to extend the railroad across the river and farther into the moun- 
tains to tap the tiny deposit at Kochura, which would yield less than a 
million tons of pig iron, according to total geological estimates. This 
would be especially true in view of its high sulphur content (1.69 per 
cent). The opening up of Shalym and Sheregesh is also expensive, re- 
quiring twenty-one kilometers of railroad line through rough terrain, a 
new electric power plant, crushing, concentrating, and sinter plants, as 
well as investment in the mines themselves. 

On the basis of the foregoing analysis, what tentative conclusions 
can we draw about the much-publicized attempt to make the Kuznetsk 
iron and steel plant independent of Magnitogorsk ores? We can agree 
with the Soviet admission that total local supplies are insufficient to last 
out the amortization period of the steel plant (twenty-five years). As- 
suming that all of the presently operating mines, plus Shalym and Shere- 
gesh, were operated at full capacity, it would be theoretically possible 
to keep the four blast furnaces going at their 1947 capacity of 1,500,000 
tons for a few more years. But here is the rub — the zinc content of this 
mix would be 0.30 per cent, which is much too high for efficient opera- 
tion.*! In other words, if the 20 to 30 per cent of the mix that comes from 
zinc-free Magnitogorsk ores were to be cut off, the operations at Kuz- 
netsk would be seriously curtailed. Even in the short period while the 
local ores still last, it would be extremely costly to attain the goal of 
independence from Magnitogorsk. 

There is one other deposit in that part of the world which, if fully 
utilized, could, so one writer claims, extend the life of the Kuznetsk 
works to forty years (presumably until 1972). This assumes, at the same 
time, the full use of local ores. That deposit is at Abakan, in the Minu- 
sinsk Basin, 320 kilometers east of Kuznetsk. In 1932 it was estimated 
that there were total supplies of magnetite capable of providing a maxi- 
mum of 14,034,000 tons of pig iron. Before the revolution, this deposit 
was mined by hand and supplied high-quality ore for the Gur'evsk works. 
In the early days, the ore contained up to 60 per cent iron. The using up 
of this rich ore in the upper layers, which were also freer of sulphur, 
may explain why mining operations were abandoned. As of 1947, the 
average iron content was reported to be 46.54 per cent. Abakan ore is 


THE INFLUENCE OF IRON ORE SUPPLIES 183 


freer from zinc (0.04 per cent) than any of the Gornaia Shoriia deposits. 
Sulphur content, however, is extremely high, up to 3 per cent, which 
would call for the same kind of treatment received by the ores of the 
lower zone at Magnitogorsk, but with less satisfactory net results. Fur- 
thermore, there is very little prospect of using the ore until the South 
Siberian Railroad is extended across the mountains to Abakan. At present 
the ore would have to move in a very roundabout way through Achinsk 
and Iurga. The shortage of ore has lent urgency to the completion of this 
railroad from Stalinsk to Abakan. When it reaches Abakan (scheduled 
for 1955), the Soviet authorities will have to build another railroad 197 
kilometers through the mountains to the ore deposit. 

The management of the Kuznetsk combine places its main hopes for 
future ore supplies on the exploitation of Abakan, but Pravda, on Feb- 
ruary 26, 1955, published complaints that the deposit would not be ready 
for exploitation for another ten years if the present pace continues. The 
Pravda correspondent blamed the delay in the development of Western 
Siberian ores on the inertia of local officials, who take the attitude that 
“Our job is to fulfill the basic production plan, to produce more iron 
and steel. As long as we get ore from Magnitogorsk our blast furnaces 
will never stop.” 

With the foregoing information about ore resources, it is easier to 
understand why nobody since 1947 has even talked (at least publicly) 
about expanding Kuznetsk to its originally planned capacity of eight 
blast furnaces, not even under pressures, from World War II, from re- 
construction under the Fourth Five Year Plan, or from the current 
threat of war in the Far East. 


Kazakh Ores 


As Chapter 12 will show, the Karaganda coal basin was developed 
in an attempt to reduce the transport burden created by the Ural- 
Kuznetsk combine.®* Coking coal was shipped from Karaganda to Mag- 
nitogorsk. Transportation could be further reduced by smelting iron 
and steel in the vicinity of the Karaganda coal mines, so the republic of 
Kazakhstan was prospected, starting in the thirties, in order to find local 
supplies of iron ore. This prospecting evaluated known deposits and 
discovered many iron and manganese reserves — most of which were 
very small. The potentially usable ores are found in three regions: Ata- 
Su, Karsakpai, and Ken’-Tiube-Tagai. 

The main ore base for the new blast-furnace plant being built near 
Karaganda consists of three deposits 15 to 18 kilometers apart along the 
left bank of the Ata-Su River, in the southern part of the Khan-Arkinsk 
region, seventy miles south of the railroad between Dzhezkazgan and 
Uspenskii. In 1932 their total supplies were reported to be 27,500,000 
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tons of magnetite, which might supply as much as 12,000,000 tons of pig 
iron. More recent analysis showed that the largest of these three deposits, 
Kara-Dzhal, is made up of two zones, primary and acid. The latter is 
low in sulphur (0.101 per cent) as well as phosphorus (0.048), while 
the former is high in both elements (0.9 per cent). Both types have a 
useful amount of manganese (approximately 1 per cent) and about 55 
per cent iron, but contain about 0.03 per cent of harmful arsenic, 

A secondary auxiliary base for the new works could be the distant 
Karsakpai region, with iron quartzites and some iron-manganesc orcs, 
containing about 42 per cent iron. In 1938 the combined A + B resources 
of Ata-Su and Karsakpai totaled 85,000,000 to 90,000,000 tons, containing 
52 to 54 per cent iron, but they were high in silicon. The Ken’-Tiube- 
Tagai group of deposits lie 250 kilometers southeast of Karaganda not 
far from the new Semipalatinsk railroad line. In 1932 there were be- 
lieved to be enough total supplies (mostly class C) to smelt 17,000,000 
tons of pig iron from magnetic ore containing up to Go per cent iron, 


Central Asia and Eastern Siberia 


In evaluating reports on industrial raw materials in outlying areas of 
the Soviet Union, one must pay particular attention to who is writing 
the report. Local enthusiasts from the Caucasus, central Asia, or the 
Far East are anxious to persuade the central government to invest in 
their “home state,” and therefore take a California-Chamber-of-Com- 
merce attitude in their descriptions. For example, they may paint a 
glowing picture of the characteristics of some local iron ore deposit, 
which leaves the reader wondering why the Soviets had not built a mill 
to utilize it years ago. Then an expert working for the central authorities 
in Moscow will point out that this particular deposit is suspended two 
miles high on the side of some inaccessible mountain, fifty miles from 
nowhere. That central Asian ores werc given little attention until re- 
cently is emphasized in the following quotation: 


At the beginning of construction of the Uzbek works [at Begovat] the iron 
ore deposits had not yet been studied and prospected. Such backwardness in 
preparation of the ore base is explained by the circumstances of war. The 
country needed metal and the expediency of using the many years’ accumula- 
tion in Central Asia of the big supply of scrap metal could not be doubted,63 


In the years immediately following 1943, however, numerous iron ore 
deposits were discovered, so that by 1946 over 150 of them were known 
to exist in central Asia. Only the three most promising were thoroughly 
studied. Since they seldom appear in published studies, they will be 
described here in more detail than their intrinsic importance warrants. 

The first of these is the Abail’ deposit, 250 kilometers from the steel 
conversion works (where it is proposed to add blast furnaces) at Bego- 
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vat and six kilometers from the Abail’ station on the Turk-Sib Railroad. 
The ore deposits are mixed in with powdery carbonates (limestone, 
dolomite, etc.) for a distance of two and a half kilometers. There are 32 
ore-layers from 60 to 400 meters long, from 10 to go meters thick, and 
some of them traced to a depth of over 200 meters. There are two types 
of ores: siderite (primary ores) and bog ores (secondary oxide ores) 
formed by the oxidation of the siderite, as well as a mixture of both 
types. The bog ores are 80 to go per cent hydrogeothite (geothite is 
Fe.O;H.O), turgite, and hydrohematite. Depending on the surface con- 
figuration, the upper Jayers and complex bog ores lie at a depth of from 
20 to 153 meters. The acid ores in the primary layers contain an average 
of 48.68 per cent iron, 6.26 per cent silica, 5.89 per cent calcite, 0.05 
per cent sulphur, 0.013 per cent phosphorus, and 0.034 per cent arsenic, 
and could be used without beneficiation. Some parts contain too much 
arsenic (up to 0.38 per cent), but these comprise only 7 per cent of the 
total reserves and are localized in peripheral layers. Total supplies of 
both types of ore are reportedly enough to warrant planning a blast- 
furnace shop at Begovat. 

Some 60 kilometers southeast of Chimkent and 240 kilometers from 
Begovat is the Susingen deposit. The industrially usable ores are con- 
centrated in an area 1.5 kilometers long, with an average depth of about 
30 meters. They are predominately martite, formed by the oxidation of 
magnetite. Average iron content by test is close to 55-57 per cent, sul- 
phur 0.01 per cent, and phosphorus 0.028 per cent. Total supplies ac- 
cording to the “optimal variant" are a few times those of Abail. 

In antiquity iron was smelted from the ores at Turangly, only so 
kilometers from Begovat and 28 kilometers from Dalverzin, the terminus 
of a narrow-gauge railway. Sections of the deposit have significant ad- 
mixtures of harmful copper pyrite (CuFeS.). Depending on the quantity 
of non-ore inclusions, the ore is divided into three grades. Grade I is 
70 per cent magnetite and averages 50 per cent iron; Grade II is 55-70 
per cent magnetite and 40-50 per cent iron, and Grade III is 30-55 per 
cent magnetite and 30—40 per cent iron. The average iron content of the 
deposit is 46 per cent. The ore can be enriched by hand-sorting and 
dry magnetic separation. Until a blast-furnace shop is built at Begovat 
these ores are to be used in open-hearth production. 

The exploitation of the Abail' and Turangly deposits is technically 
and perhaps economically feasible. Abail is close to a railroad, and from 
the terminus of the narrow-gauge railway at Dalverzin there was al- 
ready prepared in 1942 a 28-kilometer roadbed to Turangly. The much 
bigger and more promising deposit at Susingen (by far the largest in 
central Asia), however, turns out to lie high in very rugged mountain 
terrain, 2,500-2,700 meters above sea level. To reach the ores there has 


186 THE ECONOMICS OF SOVIET STEEL 


to be built a broad-gauge railroad 40 to 5o kilometers long, in addition 
to a six-kilometer cable-suspension railway to the mine site. It can be 
seen that extensive industrialization of the "backward area" of central 
Asia will be no exception to the rule that such developments require 
extensive capital investment. 

The only blast-furnace plant in all of eastern Siberia,*! at Petrovsk- 
Zabaikal'skii, has for many years used exclusively ore from the Baliaginsk 
deposit of poor magnetite. The ore has a dense, pebbly structure and the 
gangue is most unusual. Two samples of rich and less rich ore had the 
following composition: iron 52.36 and 49.83 per cent, silica 10.45 and 
13.60 per cent, alumina 0.76 and 1.54 per cent, lime 2.82 and 2.90 per 
cent, magnesia 9.38 and 11.80 per cent, phosphorus 0.03 and 0.06 per 
cent, and sulphur 0.03 and 0.07 per cent. The high silica-alumina ratio 
and large amount of magnesia gives a poor slag and requires the addi- 
tion of large amounts of clay and limestone flux. The structure and 
chemical composition of the ore makes it difficult to reduce. The reserves 
were never large to begin with, and many years of exploitation have 
significantly reduced the supplies. There are 3,447,000 tons, of which 
3,319,000 are A + B category. All told, the maximum pig iron that could 
be smelted from all the ores would be 1,410,000 tons. 

North of the Lena River and its affluent, the Botoma, 140 kilometers 
north of the city of Iakutsk, is a deposit of bog ore that was worked a 
hundred years ago to produce bloomery iron. Recently it was again 
prospected, and samples from different locations were found to contain 
from 26 to 50 per cent iron and from 8 to 41 per cent silica. The average 
of the samples indicated that it could be smelted in blast furnaces to 
furnish the isolated local population with iron. 

In the summer of 1946 there were opened up two iron ore deposits 
in the watershed of the Kirgitei and Dashka rivers in the lower Angara 
Basin, where it joins the Enisei. Subsequent prospecting indicated the 
presence of six ore deposits, formed into synclines from deposits of dense 
hematite containing 50 to 56 per cent iron, negligible sulphur, and from 
0.04 to 0.1 per cent phosphorus. In the future, this ore may play a role 
in the development of iron and steel in the Trans-Baikal. 

Along the middle course of the Angara River, east of the deposit just 
described, are a widespread group of numerous small deposits of mag- 
netite, which were discovered long ago and partially exploited but which 
now lie idle. Among them are two larger deposits that were more re- 
cently discovered — Krasnoiarsk and Rudnogorsk. The Krasnoiarsk de- 
posit gives the following average analysis: iron 42 per cent, manganese 
0.4 per cent, phosphorus 0.12 per cent, sulphur 0.1 per cent, silica 13.5 
per cent, alumina 3.2 per cent, lime 18.0 per cent, and magnesia 18 per 
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cent. Rudnogorsk ore contains on the average: iron 50 per cent, manga- 
nese 0.4 per cent, phosphorus 0.4 per cent, sulphur 0.05 per cent, silica 
7.2 per cent, alumina 4.5 per cent, lime 12 per cent, and magnesia 12 
per cent. The above analyses show that these ores are self-fluxing, but the 
Krasnoiarsk ore is too poor and will give much better slag when smelted 
together with Rudnogorsk ore. The Krasnoiarsk deposit is small, but 
the Rudnogorsk ores, ever since they were opened up in 1930, have been 
considered the most significant of all the ores found in the general area 
of western Siberia. In spite of their great distance from Kuznetsk coking 
coal, these Angara-Ishim ores, as they are sometimes called, may eventu- 
ally be utilized in developing the iron industry of the Angara region. 
During the Third Five Year Plan consideration was also given to the 
construction of a new iron and steel works using Cheremkhovo coal and 
Angara iron ore. In spite of the limited quality and quantity of the 
Angara supplies, and their great distance from good coking coal, con- 
sumer markets, and transport facilities, the extreme shortage of prefer- 
able iron ores in the whole area from the Urals to the Pacific Ocean 
may force the Soviets to develop them. 


The Far East 


In the whole expanse of the Soviet Far East, no deposit of high-grade 
iron ore has yet been found, which in no small degree accounts for the 
fact that— after twenty years of talking and desultory building of 
Amurstal’ — the goal for 1950 still called for but one small blast furnace 
at Komsomol'sk.5 As late as May 1953, the Komsomol’sk furnace had 
not actually begun to smelt iron ore from its proposed base at Nikolaevsk 
on the banks near the mouth of the Amur River. 

The iron content of Nikolaevsk brown ore averages only about 4o 
per cent. To samples of average and above average ore showed the fol- 
lowing respective chemical compositions: iron 40 and 48.92 per cent, 
manganese 2.17 and 2.19 per cent, phosphorus o.21 and 0.17 per cent, 
sulphur 0.03 and 0.04 per cent, silica 20.9 and 7.97 per cent, alumina 
6.0 and 2.48 per cent. Lime and magnesia amounted to 0.8 and o.2 per 
cent in the first sample, and only traces of them appeared in the second. 
The ore's physical condition is suitable, and laboratory experiments in- 
dicated good reducibility. The shallow deposits permit open-pit exploita- 
tion; beneficiation by crushing and washing seems feasible, and the ore 
can easily be transported by water up the Amur River to Komsomol’sk. 
But the trouble is that there is not enough of this ore. Nikolaevsk was 
reported in 1932 to have supplies totaling 2,603,000 tons, of which 1,812,- 
ooo were in the well-prospected A + B categories, making subsequent 
discoveries highly improbable. Allowing for exploitational losses this was 
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figured to produce a maximum of 694,000 tons of pig iron, which is 
enough for not more than two years’ operation of a 6oo-cubic-meter blast 
furnace. 

On the shores of the Japanese Sea near Ol'ga Bay are found several 
long-known deposits of magnetite, in the so-called Ol'ginsk region, which 
some day may play a part in the development of iron smelting in the 
Soviet Far East. Along with a number of very small deposits there are 
two more significant ones that were thoroughly prospected in 1939-1941, 
namely, Belogorsk and Pershinsk. Laboratory analysis shows that they 
have the following composition: Belogorsk has 44.49 per cent iron, 1.40 
per cent manganese, 0.006 per cent phosphorus, onlv traces of sulphur, 
0.30 per cent zinc, 15.08 per cent silica, 2.04 per cent alumina, 15.70 per 
cent lime and 1.20 per cent magnesia. Pershinsk has 40.92 per cent iron, 
0.10 per cent phosphorus, 0.48 per cent sulphur, 0.08 per cent zinc, 0.28 
per cent lead, 15.32 per cent silica, 3.07 per cent alumina, 20.10 per cent 
lime, and 4.15 per cent magnesia. The ore can be magnetically enriched, 
and experimental smelting indicates that it is easily reducible. The care- 
ful reader will, however, have noticed the serious drawback to the use 
of Belogorsk ore, namely, the high zinc content, whose harmful effects 
we have already discussed in connection with the ores from western 
Siberia. Pershinsk ore has some zinc and a large mixture of very harmful 
lead. In addition both ores contain harmful amounts of tin, not indicated 
in the above analyses. 

A third region in the Far East should be mentioned. Its deposits are 
not even in the category of iron ore, but are classified as iron-bearing 
quartzite. Because of the extreme shortage of real iron ore in that area 
of the Soviet Union, it is often mentioned for possible use in blast fur- 
paces sometime in the future. These deposits lie in the northern reaches 
of the Malyi Khingan Mountains not far from the Ussuri railroad. The 
two principal deposits in the region are Kailansk and Kimkansk. Four 
samples taken from the rich and poor ores of each of the two deposits 
varied within the following limits: iron from 32.65 to 42.00 per cent, 
phosphorus from 0.14 to 0.37 per cent, sulphur from 0.04 to 0.42 per 
cent, zinc up to 0.06 per cent, lead up to 0.37 per cent, silica from 31.58 
to 44.48 per cent, alumina from 0.12 to 3.62 per cent, lime from 0.84 to 
2.00 per cent, and magnesia from 1.31 to 3.29 per cent. The principal 
difference between the two deposits of quartzite is that the Kimkansk 
ore-bearing material is primarily magnetite and the Kailansk is martite. 
Like other quartzite the structure is very pebbly, with the iron oxides 
and silicates mixed closely together. This condition requires for enrich- 
ment first very thin and expensive crushing, making subsequent ag- 
glomeration difficult. Nevertheless, experimental beneficiation has been 
tried with at least technically promising results. As of 1948 detailed pros- 
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pecting had not yet been undertaken, but the total supplies of quartzite 
were without doubt quite large. In 1932 the geological (class C) esti- 
mates for the Malyi Khingan totaled 559,000,000 tons. 


Comparison of American and Soviet Iron Ore Supplies 


The American reader can, perhaps, better understand the Soviet sit- 
uation in terms of the dwindling supply of high-grade ore in the United 
States. On the eve of the Second World War the combined resources of 
high-grade ores in the Ukraine and the Urals were considerably smaller 
than the high-grade ores remaining in the Lake Superior region of the 
United States. Since then neither country has claimed discovery of 
significant new supplies of high-grade iron ore. The United States, how- 
ever, with a much larger iron and steel industry, has consumed her good 
ore at a much more rapid rate, and has had to face up to the problem 
of exhaustion a few years sooner than the Soviet Union. The Americans 
have attacked the problem on two fronts, on the one hand developing 
and importing increasing supplies of high-grade foreign ores, and on 
the other hand devising new methods of utilizing our low-grade ores 
such as taconite. 

Not facing quite such urgent necessities, the Russians have confined 
their attention to beneficiation of their lower-grade domestic ores. For 
political and military reasons they may continue this single approach in 
the immediate future, but such a course is expensive, involving continu- 
ally increasing costs. There are obvious and compelling economic reasons 
why the Russians would like to import high-grade foreign ores at rea- 
sonable prices. Furthermore, a number of their best mills are well situ- 
ated to consume foreign ore. The big new plant at Zhdanov, for example, 
on the shores of the Azov Sea, has been struggling (with discouraging 
results) to smelt the miserable ores of the Crimea. The Zhdanov blast- 
furnace operators would doubtless be delighted to "sweeten" their mix 
with some of the woxld's richest ore, lying on the opposite shore of the 
Black Sea in Turkey. If the Russians decide to enter the world iron ore 
market, they may do so under cover of their Polish satellite, who has 
long been importing high-grade Swedish ore and is reported to have 
purchased 300,000 tons from Spain in 1954.97 


CHAPTER | () ———— 


The Influence of Scrap Supply 
on Location and Development 


For a long time, scrap iron and steel has been used in the United 
States to supplement ore in the blast-furnace charge and to add to pig 
iron in converting it into steel. In 1900, only 5,100,000 gross tons of scrap 
were consumed, and 13,789,242 gross tons of pig iron were produced. 
Over the years more and more scrap became available, and the American 
steel industry took advantage of the situation. By 1943, the record year 
for the consumption of scrap, the melt of scrap had expanded eleven 
times, to 55,045,494 tons, whereas the output of pig iron had increased 
only four times, to 55,158,300 tons. In other words, the influence of 
scrap on the location and development of the American industry has 
been appreciable and strengthening since the turn of the century. This 
tendency has not been confined to the United States, as Professor Isard 
points out: 


For the world as a whole, this changing relation of scrap to pig iron is in 
large part reflected in the comparative statistics on pig iron and steel produc- 
tion. After the 1870's, the spread narrowed between pig iron, on the one hand, 
and steel and wrought iron on the other. By 1914, the production of steel 
ingots and castings equalled that of pig iron. Since then, the spread between 
the two, owing to the continually rising consumption of scrap, has been stead- 
ily widening in favor of steel! 

Until the advent of the Third Five Year Plan, however, scrap supply 
was rarely mentioned as a factor in the location of Soviet iron and steel 
plants, which can be explained in part by the fact that the Soviet steel 
industry for a long time consumed relatively little scrap. The unimpor- 
tance of scrap as a raw material in steel production is clearly shown by 
the figures given in Table 28 on the ratio of steel to pig iron production. 
In 1913 the Russian output of pig iron and that of steel ingots were 
almost identical. The supply of battle scrap and run-down machinery 
following the First World War and the Civil War allowed open-hearth 
steel production to recover much more quickly than the output of pig 
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TABLE 28 
RATIO OF STEEL TO PIG IRON PRODUCTION 
IN RUSSIA, 1913-1954 


Yenr Ratio Year Ratio Year Ratio Year Ratio 
1913...... 1.00 1923-21. 1.49 1934...... 0.93 1946...... 1.34 
1914... ... 1.08 1924-25... 1.44 19035...... 1.01 1947...... 1.29 
1915...... 1.10 1925-26 . 1.32 1936 . 1.13 1948...... 1.34 
1916...... 1.10 1926-27 1.21 1037... iss 1.22 1949...... 1.41 
1917...... 1.04 1927-28 1.2 1938... isa 1.23 1950...... 1.41 
1918...... 0.67 1928-29 1.21 1939...... 1.21 1951.5. 2s 1.42 
3010532 1.72 1929-30... 1.16 1940...... 1.21 1952...... 1.37 
1920. ..... 1.67 1931...... 1.15 1941 (Plan) 1.24 1953...... 1.39 
1921-22... 1.77 1932...... 0.96 1944...... 1.43 1984. ..... 1.37 
1922-23... 1.96 1933...... 0.97 1915...... 1.38 


Sources: Calculated for 1913-1934 from TsUNKhU, Sotsialisticheskoe — stroitel'stuo SSSR 
(Moscow, 1936), p. 133; for 1935-1937 from Stal’, 1947, no. 11, p. 988; for 1937-1940 from 
|. P. Bardin and N. P. Bannyi, Chernaia metallurgiia v novoi piatiletke (Moscow-Leningrad, 
1947), p. 18. For 1941-1954 see Appendix F. 


iron from blast furnaces? Although it helps to explain fluctuations in 
total steel production, the use of such scrap was presumably a tem- 
porary affair and should have had no influence on plant location. The 
ratio of steel to pig iron output fell steadily from 1923 through 1931 and 
then for three years dropped below unity. This unusual situation pre- 
vailed from 1932 to 1935, with pig iron actually exceeding steel pro- 
duction. It was the result of the earlier and more rapid construction and 
blowing-in of blast furnaces in comparison to steel furnaces (see Chap- 
ter 3). Under pressure from Stalin, and with the aid of a concerted 
"campaign," the balance was restored, and in the four prewar years the 
ratio settled within the narrow range of 1.21 to 1.23. 

With the outbreak of war the production of steel shot far ahead of 
pig iron. By 1944, which is the first war year for which we are able to 
figure out the production of both items, steel exceeded pig iron by about 
43 per cent. The increase in the share of scrap charged into the open- 
hearths, which permitted this spread, came from two wartime phe- 
nomena. First, the amount of scrap generated in the manufacture of 
munitions is much greater than in the fabrication of ordinary iron and 
steel products; and second, hostilities of course generated enormous 
quantities of battle scrap. In spite of the high costs of transport, a good 
bit of scrap was carried from the battlefronts back to the steel plants 
in the upper Volga valley and the Urals. In the immediate postwar years, 
1945 through 1948, the absolute tonnage of scrap consumed remained 
high, and the relative amount, or the ratio, remained well above the 
prewar level period but fell below the high ratio attained during the 
war, In the three-year period 1949-1951, both the absolute and rela- 
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tive amount of scrap consumed in steel making showed a remarkable 
rise. The Five Year Plan goal for pig iron was barely attained, but 
thanks to the consumption of an unusually large share of scrap, the goal 
for steel production was exceeded by a substantial margin. We shall 
discuss this phenomenon more fully at the end of the chapter. 


The Supply of Scrap 


There are three main sources of scrap for Soviet stcel furnaces. (1) 
About 25 per cent of the output of steel ingots becomes scrap in the 
process of finishing within the steel mill. This is so-called "home scrap," 
which in the United States also amounts to about 25 per cent. (2) 
Machine building and other steel consumers generate scrap in the 
process of fabrication. This has been particularly large in Soviet Russia 
because of failure to roll the steel to the standards required by the fabri- 
cators. (3) Discarded capital equipment of one form or another pro- 
vides scrap known in Russia as the "metal fund." The second and third 
categories together make up what is known as "purchased scrap" in the 
United States, where it amounts to somewhat less than the consumption 
of home scrap. 

In the past the Russians have had to depend mostly on home scrap 
and scrap from fabrication. On the eve of the Second World War 6o 
per cent of the scrap consumed was generated by the iron and steel 
industry itself and another 22 per cent was generated by fabricators, 
which left only 18 per cent to come from the "metal fund." Only in the 
last two decades has the consumption of iron and steel in Russia 
amounted to much. Furthermore, this consumption has been spread out 
over a vast area, which makes scrap collection difficult. The scrap "fund" 
is not only small but relatively inaccessible, and its growth lags far be- 
hind the rapid expansion of Soviet steel output.’ According to the data 
in Table 29, the United States, England, and Germany all had four 
times as big a scrap fund in relation to their demand for it as the USSR 
in 1939. Because home scrap has supplied such an important share of 
total scrap used in manufacturing steel, scrap supplies have in the past 
played an insignificant role in the location of Soviet iron and steel 
plants. Home scrap, of course, has no effect on location. 

However, the Russians are very anxious to increase the use of scrap 
in steel making. As Bardin and Bannyi say: 


World metallurgical practice and special] research has shown that stationary 
open-hearth furnaces work most efficiently with the presence in the charge 
of about so per cent scrap. Therefore, the attainment of such a proportion 
among the components of the metal mix is very important for increasing the 
rate of the rise of steel production. 

One must also be aware that fuller utilization of scrap in the open-hearth 
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TABLE 29 


POTENTIAL SCRAP SUPPLY (THE “METAL FUND”) IN 
RELATION TO STEEL PRODUCTION IN VARIOUS 
COUNTRIES, 1939 (million tons) 


Ratio of 
. scrap supply 
Potential serap Actual output to stecl 

supply of steel production 
United States................... 1,000 44.4 24.7 
Totg ines oss niasajahsrsc es ets 300 12.6 28.8 
Germany.. TETS 350 14.0 25.0 
USSR.. 110 16.2 6.8 
r E A AA ET 2,100 = D 


Source: 1. P. Bardin and N. P. Bannyi, Chernaia metallurgiia v novoi piatiletke (Moscow- 
Leningrad, 1947), p. 21. In 1940 the USSR "fund" was said to be 120,000,000 tons (Sh. Ia. 
Turetskii, Vnutripromyshlennoc nakoplenie v SSSR (Moscow, 1948), p. 34). Bardin and Bannyi 
do not explain how the “fund” is calculated, but it is a safe guess that they took the non- 
USSR figures from some foreign publication. In this connection, the following quotation from 
E. C. Barringer, The Story of Scrap (Washington, D.C., 1947, p. 3) is of interest: “Some tire- 
less statislicinn has added up all the iron and steel produced in the United States from the 
very beginning of the industry, subtracted exports, corrosion, and irretrievable losses, and added 
imports, and has come up with an estimate that there is 1,800,000,000 gross tons of ferrous 
metals, ranging from the common pin up to the largest locomotive in existence in the United 
States nt this time (1947).” 


mix not only increases the efficient operation of the furnace, but also decreases 
the consumption of pig iron, and consequently saves capital investment and 
Jabor in blast-furnace production, and, further, in the coal, ore, and coke in- 
dustries.* 


The collection, preparation, and shipment of scrap to the iron and 
steel plants is the responsibility of Glavtorchermet (Chief Administra- 
tion for the Collection and Preparation of Ferrous Metal Scrap). The 
scrap collected by Glavtorchermet plays an increasingly important role 
in both the location and further development of the Soviet iron and 
steel industry. It amounted to 4,740,000 tons in 1937 and 4,624,000 tons 
in 1938. There are no data on actual collections since 1938, but the 
planned amount for 1939 was 6,000,000 tons; for 1941, 6,600,000 tons; 
and for 1942, according to the original Third Five Year Plan goals, 
8,000,000 tons.’ 

The 1941 Plan (pp. 135-136) gives us a detailed and informative pic- 
ture of the sources from which the collected scrap was to come. Some 
sixty commissariats were assigned quotas to collect that year, ranging 
from 1,000,000 tons for the iron and steel industry itself down to 60 tons 
from the collective farms in Kirghizia. After the Commissariat of Iron 
and Steel came the railroads, with a quota of 950,000 tons, then medium 
machine building with 700,000 tons, the Commissariat of Munitions with 
420,000, the Commissariat of Armament with 350,000, heavy machinery 
with 280,000, general machine building with 144,000, the cooperatives 
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with 200,000, agriculture and state farms with 180,000 each, aviation with 
160,000, coal and oil with 115,000 each, and the electrical industry 
with 110,000 tons. In addition to the quotas assigned to the commis- 
sariats in the 1941 Plan, 290,000 tons of scrap were to be collected from 
the villages and 435,000 tons from the cities of the USSR.® 

In a capitalist economy the proportion of scrap to pig iron in steel 
production is strongly influenced by the price of scrap in relation to pig 
iron. It has been asserted by one Soviet writer that in the USSR “price 
cannot serve as a factor influencing the relations of pig iron to scrap in 
the open-hearth mix," and that the price of scrap is merely an account- 
ing device." In fact, however, the price ratio does influence the substitu- 
tion of scrap for pig iron in two ways: by encouraging the Soviet steel 
producer to reduce costs and increase profit by using more scrap, and 
by encouraging or discouraging the collection of scrap by units outside 
the Soviet steel industry. The average price of scrap expressed as a per- 
centage of the average price of conversion iron fluctuated as follows: 
1924-25, 53 per cent; 1925-26, 55 per cent; 1926-27, 56 per cent; 1928— 
29, 47 per cent; 1929-30, 56 per cent; 1935, 75 per cent; 1936, 65 per 
cent.* This price differential was enough to give considerably lower costs 
for steel ingots to those plants able to obtain a high share of scrap for 
their mix. 

At the time of the price reform in April 1936, the collection of scrap 
was encouraged by raising its price from 37.61 to 70.00 rubles per ton, 
f.o.b station of the shipper. This price was set deliberately to stimulate 
the collection of scrap.? At the same time, as the data above show, the 
price of conversion iron was advanced even more in relation to the 
advance in the price of scrap, and the price ratio of scrap to conver- 
sion iron fell from 0.75 in 1935 to o.65 in 1936. 

The locational importance of scrap lies in the variations in its avail- 
ability in different localities. The older industrial regions of the Soviet 
Union have long been the predominant sources of supply, as is indicated 
by the distribution of the tonnage which Gipromez expected to be col- 
lected in 1933, i.e., 3,280,000 tons from the south, 2,216,600 tons from the 
center, and 1,857,000 tons from the Urals and Siberia.!° For centuries the 
iron and steel produced in the Urals had been shipped out of the region 
for consumption in other areas, such as the center. The center, on the 
other hand, had long accumulated scrap supplies by consuming more 
iron and steel than it produced. As late as 1938, the Urals produced 
1,614,165 tons of assorted rolled products and consumed only 1,077,182; 
whereas the center produced only 486,791 tons and consumed 1,985,- 


344.7) 
Up to 1936 the varying availability of scrap in relation to the demand 


for it was reflected in marked price differentials, as is shown by the 
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following prices (in rubles per ton) for three grades of scrap, set on 
January 1, 1931.? 


Grade I Grade II Grade IIT 
i 42.90 34.15 
38.35 29.80 
36.75 27.88 
39.40 30.63 
40.30 31.53 
39.00 30.25 


Apparently, however, the planners of the iron and steel industry did not 
permit these price differentials to influence their locational decisions. In 
planning and comparing the cost of manufacturing open-hearth steel at 
four different locations (Krivoi Rog, Novo-Mariupol, Dneprostal’, and 
Novo-Tagil) the planners of Gipromez used the same price for three 
different types of scrap at all four plants (33 rubles). Therefore, the cost 
advantage gained by a plant like Dneprostal’, which was expected to 
consume twice as much scrap as the others, was minimized by charging 
it the same price for scrap as was to be paid by Novo-Tagil in the Urals. 

The disregard of regional price differentials in scrap, which was con- 
ventional in the planning of the first two Five Year Plans, became man- 
datory by a decree issued sometime after 1936. This decree established 
the practice of pricing scrap to the consumer at a uniform price for 
each grade — including all freight charges to the station of the con- 
sumer. If the collecting agency picks up scrap in Leningrad and sends 
it to the Urals, it has to absorb the freight bill. This extraordinary step 
was taken deliberately in order to induce Glavtorchermet to economize 
on the over-all use of transport, easing the ovexload on the railroad sys- 
tem. As a result of this pricing practice, Soviet planners had no alterna- 
tive but to use uniform delivered scrap prices when trying to find the 
most economical location to build the new northwest iron and steel 
plant.13 

I was unable to find satisfactory statistics on the changing pattem 
of scrap consumption in the USSR, a difficulty faced also by Soviet 
economists. There are available, however, some statistics through 1935, 
and these are shown in Table 3o. Although scrap made an extremely 
small contribution to the production of steel in prerevolutionary Russia, 
the role of scrap became quite important during the recovery of the mid- 
twenties; total steel production was small, and scrap from military opera- 
tions and from worn out equipment was readily available. The absolute 
consumption of scrap increased, but its relative share declined sharply 
as steel production expanded from 1929 to 1935. There is also available 
a figure on scrap collections in 1938, which indicates that the importance 
of scrap was not increasing greatly in the years immediately preceding 
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TABLE 30 
SCRAP CONSUMPTION IN THE SMELTING OF STEEL, 
1913, 1926-1935 


Share in Share in 
Consumption production production of 
of scrap of steel open-hearth steel 
(1,000 tons) (per cent) (per cent) 
30.8 36.3 
48.2 - 
53.4 
51.5 
51.6 
55.6 
414.2 
40.1 
39.8 
11.2 


Source: S. M. Veingarten, Ekonomika i planirovaniia chernoi metallurgii SSSR (Moscow, 
1939). p. 152. He does not indicate just how he derived the percentage relationships. 


the Second World War. Scrap collections reached a total of 6,338,000 
tons in 1938, or 35 per cent of steel output, about the same percentage 
as in 1935.!* Nor was the ratio of steel to pig iron output changing much 
in these years. 

The Second World War, like its predecessor, provided an intense 
stimulus to increase the share of scrap in the production of iron and 
steel. We have already described its effect on blast-furnace scrap con- 
sumption. More important, of course, was the increased consumption in 
the smelting of steel. Before the war practically all of the scrap was col- 
lected in the southern and central regions of the western USSR. The 
German occupation cut off this source of supply, but made up for it by 
generating a new supply of scrap in the form of wrecked tanks, blown-up 
bridges, and ruined cities. Consequently the Soviets by 1944 were able 
to prepare for use in the unoccupied areas 91 per cent of the prewar 
level of scrap collections. Eight special new works were built under war- 
time pressure to prepare for use scrap that was not suitable in raw 
form for charging into furnaces. This made it possible to reduce the pig 
iron charge from 620 to 546 kilograms per ton of steel between 1940 
and 1944. Correspondingly, the ratio of steel output to pig iron output 
rose from 1.21 in 1940 to 1.43 in 1944. 

The Young Communists were credited with collecting over 5,000,000 
tons of scrap during the war, and over 1,500,000 tons were collected in 
Moscow alone. While battle scrap was a real source of aid to the Ural 
plants, the difficulty of hauling it long distances over the crowded war- 
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time railroads meant that battle scrap was a ready source of material for 
the use of the liberated areas in the process of reconstruction. 

The consumption of scrap must have fallen sharply in the immediate 
postwar years, to judge from the fact that the ratio of steel production to 
pig iron production dropped from 1.43 in 1944 to 1.29 in 1947 (see Table 
28). The reasons for the failure to maintain high levels of scrap collec- 
tion are not clear. Perhaps the most easily available battlefield scrap, 
in the form of wrecked tanks and so on, was collected first, while scrap 
that was more difficult to obtain was not collected. Perhaps the workers 
became leary of fatal accidents caused by stray ammunition blowing up 
in the furnaces, or perhaps the people lost their enthusiasm for scrap 
drives once the war had been won. Likewise, the Soviet authorities did 
not scem concerned at that time with the lagging collection of scrap. 
They too had other problems on their minds. Not until 1947 does one 
come across complaints in the technical journals about the scrap situa- 
tion. Then the authorities began to call for better organization of scrap 
collection and preparation, for better equipment in the scrap yards; a 
few meetings were held, and things began to improve. Both the output 
of steel and the ratio of steel to pig iron increased noticeably in 1948 
and 1949. 

On the basis of some recent Russian statements, it has been possible 
to estimate the scrap collections in 1950 at 17,700,000 tons.'! Because of 
the possibility of changes in stockpiles and because of the use of scrap 
in blast furnaces and electric furnaces, it is not possible to use this figure 
to estimate accurately the share of scrap in open-hearth steel production, 
but in any case it strongly suggests that the Soviet open-hearth furnaces 
were consuming in 1950 about the same share of scrap as the furnaces 
of the United States. It seems likely that the outbreak of the Korean War 
provided the incentive for the Russians to achieve large enough scrap 
collections to make this ratio possible. 

Apparently the same high ratios were maintained in 1951. One Soviet 
source says that by 1951 furnaces were consuming about the same share 
of scrap as is customary in the United States. "The share of scrap in the 
stecl-smelting mix consists at the present time (1951) of over 50 per 
cent and in the mix of steel-foundry shops 63 per cent. Thus over half 
of all the steel and about two-thirds of the pattern iron castings are 
produced from scrap metal"? The share of open-hearth in total steel 
production had risen to over go per cent in 1950 (Grebtsov, p. 59). In 
1940 electric furnaces produced 1,150,000 tons, or 6.3 per cent, of total 
steel, and, in view of the large construction program in the intervening 
years, they probably produced at least s of the 10 per cent not produced 
by open-hearths in 1950. Bessemer and Thomas converter production, 
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using hot pig iron, made 6 per cent of the steel in 1937 and probably 
less in 1950. If these ratios held in 1951, then about 16,000,000 tons of 
scrap must have been melted down to produce 31,000,000 tons of steel. 
How much additional scrap went into the production of steel castings is 
not known. Át least another 1,000,000 tons of scrap, and probably 2,000,- 
000, must have been consumed in blast furnaces (see Chapter 9), so that 
total scrap consumption by the Soviet iron and steel industry in 1951 
can reasonably be assumed to have been over 18,000,000 tons, and prob- 
ablv closer to 20,000,000 tons. Whether such a rate can be increased or 
even maintained is a question that is giving the Soviets much concern. 
In 1952 the scrap-collecting administration was taken to task for failing 
to fulfill its assignments, and the ratio of steel to pig iron production fell 
off. The lower ratio and the failure of scrap collections continued through 
1953 and 1954, and in early 1955 the scrap shortage apparently grew 
worse.!5 

The tremendous scrap collections of 1950 and 1951 were obtained as 
the result of a very intensive campaign. The immense quantities of scrap 
consumed in 1950 and the increasing requirements that loomed ahead 
for 1951 galvanized the whole Soviet hierarchy into action. Beginning 
in the spring of 1951 the Soviet people were subjected to perhaps their 
most intensive "drive" since the end of World War II. The press pulled 
out all the stops in a propaganda campaign, and the industrial and party 
hierarchy was ordered to give full support to a scrap drive that made our 
own wartime drives pale by comparison — at least in terms of publicity 
coverage.!? 

On March 20, 1951, there was a "spontaneous" letter to the editor of 
Izvestiia. It seems that one of the big steel works in Dnepropetrovsk had 
recently experienced a bad shortage of scrap, because the local shop of 
Glavtorchermet had failed to meet its scrap-collection obligation. So the 
workers in a neighboring steel plant gave up their Sunday holiday and 
collected over 150 tons. The principal of Middle School No. 26 asked 
each student to collect 5 kilos, and soon the school children had col- 
lected 22 tons. The movement spread like wildfire all over the country. 
In short order the press reported how miners near Tula, residents of a 
housing project in Dnepropetrovsk, and metal workers in Moscow, Tula, 
Novo-Kramatorsk, Leningrad, Riga, Tiflis, and Kiev had joined the merry 
throng of volunteer scrap collectors. 

In the background the big drums of Pravda boomed out their sup- 
port to this "spontaneous" movement. Their theme was the great im- 
portance to the State of the task of collecting and working up metal 
scrap and the widespread mobilization of the forces of society that must 
participate in its enaction: "The procurement and processing of scrap 
metal must become a nationwide cause, with all local soviets, economic, 


THE INFLUENCE OF SCRAP SUPPLY 199 


trade union, and Young Communist organizations, as well as our press, 
taking an active part" (March 22). Although this drive paid off hand- 
somely in 1951, we must remember that it was only a short-run, one-shot, 
emergency solution. The Soviets will have to find a more permanent 
answer, as evidenced by the re-appearance ín 1952-1955 of the chronic 
scrap shortage. 

'The elements of the long-run problem were set forth by Grebtsov in 
his article in Planovoe Khoziaistvo (1951, no. 2). In 1950, 74 per cent 
of the scrap still came from waste metal generated in current production. 
Scrap from iron and steel casting approached 30-40 per cent per ton of 
acceptable finished castings, scrap from forgings up to 42 per cent, scrap 
from rolling 20-25 per cent, and various percentages of scrap are gen- 
erated in metal-fabricating plants. But in drawing up a scrap balance 
for the future, the planners must allow for a number of technical changes 
that are now reducing and will continue to reduce the percentage of 
scrap generated in current production. These include the shift from free 
or open forgings to hot stamping, the preparation of stamped metal 
forms from pattern profiles in forge-press shops, the introduction of 
rigid forms in iron foundries, and so forth. So the share of current scrap 
will fall even though it increases in absolute volume as the economy 
expands. Discarded capital equipment, therefore, will have to become a 
more important source. The trouble here is that the Soviet Union is still 
a very young country in terms of industrial development and its “metal 
fund" is strictly limited. 

At this point Grebtsov admits something which we have suspected 
all along — that the Soviets have underestimated the role of scrap metal 
in drawing up long-run plans for the location and development of their 
iron and steel industry. 

The systematic study of resources of iron and steel scrap makes it possible 
to raise the level of planning in ferrous metal production, above all in deter- 
mining the possible excess of steel over pig iron production, and accordingly 
in defining precisely the structure and direction of capital investment in the 
iron and steel industry. [This quotation is notable because of the absence of 
such statements heretofore.] . . . To the Ministry of Iron and Steel and its 
Central Scientific Research Institute has been assigned the task of system- 
atically studying the scrap resources of the country and working out rational 
methods for their use. However, the institute has not yet applied itself to this 
work. It is necessary to overcome this intolerable backwardness of theoretical 
work in one of the vital problems of our Soviet economy.?° 

Not only is theoretical work nonexistent, but also there is no statisti- 
cal basis on which it can be built. The Central Statistical Administration 
has very spotty figures on the consumption of scrap, and statistics on 
scrap resources are completely lacking. It seems that the planners did 
not take Stalin's words to heart when he told a conference back in 1934: 
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"Now you know it is already inadmissible to picture Russia as a 
*wooden' country, to say that we do not have iron scrap in our country 
. . . Now we are a country of metal.” ?! 


Influence of Scrap on Location 


Although we have found no evidence that scrap supply influenced 
the location of any iron and steel plants built before the Second World 
War, in the case of five mills that have been started or completed since 
then, location obviously depended on scrap supply. They all were orig- 
inally built as conversion works, without blast furnaces, their principal 
function being to convert scrap into steel in open-hearth furnaces. 

Any pig iron that was charged into the new open-hearth furnaces in 
the Petrovsk-Zabaikal’skii works and the conversion works at Komso- 
mol'sk near the Pacific coast had to be hauled many hundreds of miles 
by rail from Kuznetsk in western Siberia. Similarly, the works con- 
templated in the Third Five Year Plan and built during the Second 
World War in Kazakhstan and central Asia were built without blast 
furnaces, making them dependent on scrap supplies for their basic opera- 
tions. Planning and speculation during the early thirties about works in 
the Transcaucasus were predicated on integrated works located near the 
sources of ore and coal.?? The Fourth Five Year Plan, however, changed 
the concept so that there are now two works, one near Tiflis with two 
blast furnaces, and a separate conversion works near Baku, whose gas- 
fired, open-hearth furnaces take advantage of the scrap generated by the 
surrounding oil fields. 

The machine-building works with their own open-hearth furnaces 
have depended primarily on scrap since tsarist days."? These plants were 
naturally located in the older industrial regions of the south and par- 
ticularly the Moscow-Leningrad region, and the Soviet Russians have 
invested capital in their expansion from time to time. But this has been 
of relatively minor importance. 

In the first plans for the northwest works drawn up by Gipromez in 
1941, local supplies of excess scrap were characterized as practically un- 
limited; but, perhaps out of habit, the plans called for the conventional 
type of integrated Soviet iron and steel plants utilizing relatively little 
scrap, only 350,000 tons to produce 1,700,000 tons of steel. Then the war 
intervened, and when new plans were drawn up after the war, scrap 
played a much greater role. The statistical pattern of regional scrap 
production and consumption, although inadequately detailed and up-to- 
date, was presented and analyzed. As a result the postwar project was 
designed to consume at least a million tons of scrap and proportionally 


less pig iron.?! 
Even so, the choice of location at Cherepovets was the same, re- 
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gardless of whether little or much scrap was to be used. The factors 
determining location were iron ore, coal, and the consuming market. 
Careful reading of the book published about planning the northwest 
works leaves the impression that the alternative proposal to build a con- 
version plant in Leningrad, consuming scrap almost exclusively, was 
given insufficient attention. From the purely economic point of view it 
probably would have been the best choice. The Soviets will pay heavily 
in terms of real costs of transport and production to make pig iron at 
Cherepovets. 


CHAPTER ]] ———— 


The Locational Pull of Consumer Markets 


Previous discussion has indicated that in planning the size and de- 
gree of specialization of their steel plants, Soviet authorities at first 
underestimated the importance of market demand and the problems of 
transportation. For similar reasons they also underestimated at first 
market and transportation factors in planning the location of these 
plants. This point will be covered in this and the following chapter. The 
present chapter discusses the problem and its resolution under three 
main headings: (1) The role of freight rates and pricing practices; (2) 
the results of underestimating the pull of the market in general terms 
and in terms of excessive shipments of particular iron and steel products; 
and (3) recognition of the error and its correction. 


Freight Charges 

The locational pull of coal and ore compared to that of consumer 
markets depends not only on physical production coefficients, but also 
on the freight rates charged per ton-mile or ton-kilometer. The higher 
the relative freight rate, the greater the locational pull. Table 31 gives 
the basic rates for the two principal raw materials and for finished iron 
and steel. The rates set in 1939 remained in effect for almost ten years 
(see Chapter 2). 

American experience indicates that it costs less per ton to haul coal 
and ore than to haul finished iron and steel products. This is one of the 
well-known factors influencing the location of steel mills near consumer 
markets. In the Soviet Union, on the other hand, from 1936 to 1939, 
the freight rates on iron and steel (pig iron, steel ingots, and rolled 
products) were consistently and significantly below the rates on both 
coal and ore. In 1939, however, the rates for iron and steel were raised 
to approximate equality with those for ore and considerably above those 
for coal. This shift in 1939, increasing the locational pull of the market, 
corresponded with the renewed interest in the problems of steel con- 
sumers evidenced in the Third Five Year Plan. 
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When crude iron and steel leaves the smelting plant in the form of 
pigs and ingots, it is usually shipped to another steel mill. Rolled prod- 
ucts, on the other hand, are shipped almost exclusively to outside con- 
sumers for fabrication. The 1939 tariff charged much higher rates for 
rolled products than for crude iron and steel, the premium varying from 
36 to 113 per cent, depending on the distance. Under the 1949 price 
reform, the steel consumers were helped further by complete abolition 
of all such freight rate differentials.! 


TABLE 81 


FREIGHT RATES FOR COAL, ORE, AND IRON AND 
STEEL, 1936 AND 1989 (kopecks per ton-kilometer) 


Act of April 1, 1936 Act of March 5, 1939 

Distance in Iron and Iron and 
kilometers Ore Coal steel Ore Coal steel 
0:50... reis 2,54 4.10 2.70 3.0 4.40 3.5 
51-380.... 1.55 — 1.76 1.96 — 2.06 
251-500... 1.41 G 1.44 1.83 — 1.92 
501-1,000. 1.37 1.38 1.18 1.92 1.60 1.75 
1,001-1,50! 1.35 — 1.00 2.12 — 1.73 
1,501—2,00€ 1.33 1.23 0.90 2.22 1.61 2.05 
2,001-2,500. 1.32 — 0.84 2.27 — 2.16 
2,501-3,000. 1.32 1.18 0.81 2.31 1.74 2.27 


Source: L. Ia, Vol'fson, V. I. Ledovskai, and N. S. Shil'nikov, Ekonomika transporta (Moscow, 
1941), p. 262. 


In 1937 and 1938 certain writers who really had the interests of con- 
sumers and transport at heart proposed a radical change in the method 
of charging freight costs. When it was finally adopted thirteen years 
later, it increased the locational pull of steel markets. The Soviet price 
system until 1950 followed the conventional capitalist practice of charg- 
ing freight to the consumer of the product being shipped. “At the pres- 
ent time,” stated an article written in 1937, “the consumer receives metal 
at the warehouse [f.o.b.] price of the firm producing it. Under this sys- 
tem the only one materially interested in reducing unnecessary trans- 
port is the consumer . . . Under the existing system of wholesale pric- 
ing, GUMP [the unit responsible for the administration of the iron and 
steel industry at the time] is not directly interested in reducing exces- 
sive transportation. Furthermore, insofar as the specialization of pro- 
duction leads to an appreciable increase in the productivity of the mills, 
GUMP is predisposed to it in order to receive the insignificant profit 
from specialization of production, and to sacrifice the larger interests 
of the economy as a whole." ? This attitude, the writer might have noted, 
characterizes a multitude of Soviet economic activities. Nor is it confined 
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to the Sovict Union, as anyone familiar with wartime bureaucracy, both 
civilian and military, well knows. So the writer proposed a novel solu- 
tion: "the creation of a system of wholesale prices on the principle of 
f.o.b, the works of the consumer, which would create a material interest 
on the part of GUMP to reduce excessive transport of metals." This 
would have put the shoe on the other foot and resulted in indifference 
on the part of the consumers as to where they located their steel fabri- 
cating plants. 

A few months later there appeared in this same journal a slightly 
different proposal, namely to set prices f.0.b. the consumer, but to dif- 
ferentiate the delivered prices by broad regions, in accordance with 
variations in transport costs.* Neither of these proposals were adopted at 
that time, so the administrative conflict had to be settled not by the 
operation of the price system but by deliberate decision of the "top 
brass" in the Soviet bureaucracy, who supported the claims of steel con- 
sumers and railroad transport. However, the suggestion of uniform de- 
livered prices was adopted a dozen years later, along with the substantial 
price reductions going into effect January 1, 1950. Ferrous metals and 
a few other important product groups are now priced £.o.b. their destina- 
tion.’ The mouthpiece of the State Planning Commission was very clear 
in explaining the reasons for this drastic change. The administrative unit 
that decides the distribution pattem for iron and steel products is the 
sales organization of the iron and steel industry. The motal fabricators 
apparently have little choice in their source of supply. Under the old 
svstem the steel sales organization had little incentive to minimize trans- 
port costs, which were simply added to the customer's bill. Now the sales 
organization directly pays all freight bills. The costs of wholesale market- 
ing are small, usually not exceeding 0.3 to o.5 per cent of the wholesale 
price, and under the new system the overwhelming share of the expenses 
of the sales organization become freight charges. Their financial status, 
their profit and loss, now depend on the correct planning of freight 
routes. This means that the steel sales organization is now obliged to 
make the kind of study that Shulkin pleaded for so eloquently back in 
1940. It must finally make a systematic study of the geographic pattern 
of production and consumption, establish national schemes of shipping 
steel from producing areas to consuming areas, and find ways to reduce 
the distances of shipments and to make shipments most economically. 
Since the steel sales organizations, Metallosbyt, is an integral part of the 
Ministry of Iron and Steel, freight costs of finished steel will now be 
an important factor in the profit and loss of the iron and steel industry, 
and will doubtless be an important factor in planning both the specializa- 
tion and the location of iron and steel mills. 
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Results of Underestimating the Market 


During the first two Five Year Plans the iron and steel industry 
moved away from its consumer markets. Production in the Urals and 
western Siberia increased at a faster rate than consumption? At the 
same time, consumption of steel grew rapidly in many other regions, 
namely, in the Moscow-Leningrad area, the Transcaucasus, central Asia, 
and the Far East, without the construction of any steel mills to supply 
the requirements of these regions. Table 32 shows the discrepancies be- 
tween production and consumption in individual regions that resulted 
from the simultaneous movement of steel mills away from steel markets 
and of markets away from the mills. The south, the Urals, and western 


TABLE 32 


REGIONAL DISTRIBUTION OF PRODUCTION AND 
CONSUMPTION OF ALL IRON AND STEEL 
PRODUCTS, 1988 (in per cent of USSR totals) 


Pig iron Ordinary Quality 
and rolled rolled Steel Iron 
ferroalloys Steel steel pipe pipe 


prod. cons, prod. cons. prod. cons. prod. cons. prod. cons. 


European north...... — 27 22 84 57 100 96 111 33 13.7 
Center and west (incl. 

upper Volga) Do 96 58 242 23.5 456 99 23.9 26.9 35.0 

7.4 62.9 41.1 20.0 126 74.5 31.7 52.8 24.1 

Urals and lowe 0. 19.1 143 49.2 29.2 60 99 17.0 14.0 

Siberia 9 9.9 523 16 02 — 09 — 20 

Misc. region 0 01 68 — 24 — 22.5 — 11.3 


Source: L. P. Shul'kin, compiler, Potreblenie chernykh metallov v SSSR (Moscow-Leningrad, 
1940), p. 18. Of the 22,5 per cent of steel pipe in miscellaneous regions, most of it, or 18.8 per 
cent, was consumed in Transenucasin. 


Siberia as surplus producers made up the deficits of the European north, 
the center, the west, Transcaucasia, and other regions. 

The failure to pay sufficient attention to consumer markets when 
deciding where to expand iron and steel plant capacity was reflected in 
the increase in the average length of haul of iron and steel products. The 
average hau! (see Chapter 12) rose steadily from 787 kilometers in 1931, 
when the first new plants came into operation, to a maximum of 1,019 
kilometers in 1938, on the eve of the Third Five Year Plan. When the 
Soviet economists got around to studying the interregional pattern of 
production and consumption, it became apparent immediately that mil- 
lions of tons of iron and steel products were being shipped long dis- 
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tances from one region to another, and in some cases were being hauled 
right back again. For example Shulkin, in analyzing the shipment of 
iron and steel products between the south and the Urals and Siberia, 
found that 223,110 tons of ordinary rolled products from the Urals and 
34,500 tons from Siberia were shipped in 1938 to the south. At the same 
time the south was sending 186,700 tons to the Urals and 56,000 tons to 
Siberia, making a total crosshaul of 500,300 tons. Making the same 
analysis for pig iron and ferroalloys, quality rolled products and pipe, 
Shulkin arrived at a total of about 800,000 tons crosshauled, which 
added up to about 4,000,000,000 ton-kilometers of excessive transporta- 
tion of iron and steel. Failure to consider the location of consumer 
markets was not the only reason for this wasteful use of transportation, 
but it was certainly one of the important reasons. 


Recognition and Correction of the Error 


The opponents of the Ural-Kuznetsk combine used Weber's theory of 
location, with its emphasis on consumer markets, to argue that the new 
Soviet steel industry should expand on the basis of existing industrial 
location rather than move eastward away from the developed industrial 
markets. But these men were overruled, and little or no attention was 
paid to the locational pull of consumer markets until the results of this 
error became apparent at the end of the Second Five Year Plan. Recog- 
nition of the importance of markets to the location of steel mills paral- 
leled and was closely related to the recognition of their importance to 
the problem of large-scale specialization, which has been discussed in 
Chapter 6. 

At the end of 1937, an article in the leading Soviet economic journal 
pointed out the lack of products such as iron pipe and railroad rails in 
the Urals region and called for investment in 1938 to make up the deficit. 
The article pointed out other deficiencies and placed the blame squarely 
on the shoulders of the administration: “At the present time, neither the 
Gosplan nor the People's Commissariats are engaged in the study and 
planning of regional metal consumption. The planned balance of metal 
supply is worked up by the Gosplan and GUMP only by product-branch 
sections.” A new system of planning was needed, said the article, to 
overcome the results of the failure to study regional consumer markets, 
which failure he attributed to "Trotskyite-Bukharinite wreckers." 

This suggestion was at least formally recognized. Veingarten, writing 
about the method of planned balances for iron and steel, said that the 
"wreckers" had caused enormous losses in previous planning operations, 
but by 1939 the necessity of planning production and consumption by 
geographical regions had been recognized.” Nonetheless, in January 
1940, when Shul'kin's book was sent to the printer, the editors observed: 
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The preparation of statistical material on metal consumption by region 
in comparison with the sources of metal supply, and the presentation of these 
figures for general use, has great significance for revealing mistakes in the 
realm of regional location of iron and steel production and the specialization 
of individual firms. The Eighteenth Party Congress condemned the criminal, 
deceitful specialization of rolling mills based on the principle of squeezing out 
of the rolling mills the maximum production measured by weight, without 
allowance for the interests of metal consumers and transportation. This over- 
specialization would have been revealed much sooner if the results of that 
system, which were reflected in the figures describing the roll of metal imports 
into each region compared with statistics of previous years, had been received 
quickly and accurately and made available for widespread criticism. This 
would require the periodical publication every two or three years of data in 
proper form so that they could be compared and evaluated.8 


Locating Mills Near Markets 


Once the error had been officially recognized, it was not long before 
steps were taken to remedy the situation. The new iron and steel works 
contemplated in the Third Five Year Plan were of small or average size, 
supplying the needs of local consumers. According to Veingarten, in 
regions which lacked good iron ore but which constituted important 
centers of metal consumption, 


preparations are being made to build conversion works [Transcaucasia, Cen- 
tral Asia, elc.]. The location of centers of metal production closer to regions 
of consumption and the liquidation of excess transport of metal calls now in 
the Third Five Year Plan for the construction of average and small-size iron 
and stecl works in several regions of the USSR. 

It is quite obvious that the construction of these works will be completely 
different from the huge iron and steel works with the full cycle of metal pro- 
duction. In several cases, they will be works consisting of a few open-hearth 
furnaces, working on the scrap process, and supplying one or two rolling mills. 
The basic task of that type of works will be to supply local consumers with 
rolled metal? 


Conversion works were planned in the Third Five Year Plan and com- 
pleted during the Second World War to supply the needs of consumers 
in the remote regions of Trans-Baikal, the Far East, and central Asia. 
Three more iron and steel works were started subsequently in Trans- 
caucasia and in the Leningrad area. 

Since tsarist times there has been an old iron foundry at Petrovsk- 
Zabaikal'skii operating a small charcoal blast furnace.'? In 1937 the in- 
dustry planned to build there a modern steel conversion plant, without 
blast furnaces, to supply 150,000 tons of steel each year for the limited 
needs of the east Siberian market. By 193g the plan had been modified 
to include two small coke blast furnaces of 225 cubic meters' capacity. 
In early 1941 these two new blast furnaces were given preliminary tests, 
and that is the last we hear of them. Up to 1955 we have received 
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numerous reports about the (mediocre) operation of the open-hearth 
furnaces, the rolling mills, and even the old iron foundry, but not a 
word about the new blast furnaces. On the contrary, no less an authority 
than Pavlov tells us in 1948 that there is only one charcoal blast furnace 
operating in all of eastern Siberia, and that is the old one at the Petrovsk 
works. Considering the horrible quality of the iron ore and coke that the 
new furnaces were slated to use (see the descriptions of the coal and 
ore of this region given in Chapters 8 and 9), it would not be surprising 
if they have been taken out of operation. We do know that Kuznetsk 
ships pig iron to several works in Siberia and the Far East. Perhaps 
Petrovsk-Zabaikal'skii is one of them. 

Work on Amurstal' in Komsomol'sk was underway in 1935, and it was 
still going very slowly when the Germans attacked in 1941.1" The orig- 
inal plans for a simple conversion plant to supply the Far East with 
stee] were changed in mid-stream (1939) to include blast furnaces of 
Goo cubic meters’ capacity, turning out 450,000 tons of pig iron a year. 
Under the pressure of war the open-hearth and rolling mills finally be- 
gan to turn out steel and rolled products in 1942, and have been operat- 
ing ever since. The Fourth Five Year Plan hoped to finish one blast 
furnace, which, however, was not yet operating in May 1953. Like 
Petrovsk-Zabaikal'skii, Amurstal has very unfavorable coal and ore sup- 
plies and probably will long remain primarily a conversion works, sup- 
plying local needs. 

The character of the rolled products turned out by the new Kazakh 
conversion works at Temir-Tau shows that it was designed to supply the 
regional market.'? The product mix includes universal iron, small sec- 
tions, wire, thin sheet, and railroad and coal-mine rails. In addition to a 
rolling mill the plant has a foundry, forge shop, and boiler shop. All of 
these little shops are supplied by three open-hearth furnaces with an 
annual capacity of 30,000 tons each. Construction began in 1943 and the 
first steel was smelted on December 31, 1944. The second open-hearth 
was finally completed in November 1947, so that the Supreme Soviet of 
the USSR was able to announce triumphantly that in 1948 Kazakh steel 
output was 199 per cent of 1947! The construction of a blast-furnace 
plant nearby to use local ore and coking coal of very dubious quality 
was scheduled to begin in 1948. 

The Begovat conversion plant was built to serve an even more iso- 
lated market in central Asia. The absence of a steel plant in that area 
in tsarist times was attributed to sinister motives. "In spite of recom- 
mendations by two well-known Russian students, I. V. Mushketov and 
G. D. Romanovskii, who urged the creation of a metallurgical industry 
in central Asia, the Russian ore masters did not choose to create on the 
borders of the empire either iron ore mines or blast or open-hearth fur- 
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naces. They needed central Asia as a market for their products." !? The 
Soviets use their new mill to supply steel for textile and agricultural 
machinery building, for the construction of roads, homes, and other 
varied needs of the region. They began construction in 1943; the first 
open-hearth furnace went into operation in the spring of 1944 and the 
first rolling mill two years later. The second open-hearth furnace was 
completed in February 1945 and the third in 1948, so that by 1949 
the mill was producing at the rate planned for 1950, when it was 
to be completed and produce 86,000 tons. Whether the much-discussed 
blast-furnace shop will ever be built and operated successfully will de- 
pend on solution of the raw materials problem. 

Completion of the long-heralded iron and steel plant at Rustavi in 
Georgia is yet another story of repeated postponement, incompleted 
plans, and long delay.’ Work began in 1941. It was still in the “early 
stages of construction" in 1945, and its completion by 1950 was scheduled 
in the Fourth Five Year Plan. The plant was to be equipped with two 
blast furnaces with a yearly capacity of 430,000 tons, two coke batteries 
(500,000 tons), six open-hearths (500,000 tons), and six rolling mills to 
turn out 384,000 tons, including 290,000 tons of pipe for the oil industry 
every year. 

The blooming mill was finished by the Novo-Kramatorsk machinery 
works in November 1946; the power station began producing electricity 
in January 1949. Finally in 1950 an open-hearth furnace began to smelt 
some stecl scrap. By September 1952 the blooming and pipe rolling mills 
were operating, but the blast furnaces had still not come into operation, 
despite the fact that the press kept anticipating the production of pig 
iron "in the near future." This is particularly puzzling, because in 1948 
Trud published a picture showing a blast furnace with the main shell 
completed. Again one suspects trouble with iron ore and coking coal. 
Rustavi is designed to provide steel sections for machine building, roof- 
ing iron, rails, wire, structural steel, pipe for the oil industry, and other 
products for the three republics isolated on the south side of the Cau- 
casus Mountains. 

The new pipe-rolling mill at Sumgait, Azerbaidjan, has been built 
in the middle of its consuming market, the Baku oil fields.!5 The plant 
was under construction as far back as September 1940, and the Fourth 
Five Year Plan scheduled it for completion at a planned annual capacity 
of 350,000 tons of pipe. Its open-hearths were to consume oil-field scrap 
and (eventually) pig iron from Rustavi. In 1947 the forge and boiler 
shop was completed, and the plant finally began production on Decem- 
ber 31, 1952. 

The main reason for building the new northwest iron and steel plant 
at Cherepovets is to provide a source of supply for the Leningrad region 
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that will be closer than the Urals or the Ukraine.'® Before the last war 
the northwest region consumed 10 per cent of all Soviet rolled metal, 
which was shipped 2,000 kilometers from the Ukraine to Leningrad and 
over 3,000 kilometers to Murmansk and Archangel, or 3,000 kilometers 
from the Urals and 4,055 kilometers from the Kuzbass. The cost of 
shipping metal to Leningrad was 30-40 per cent of its cost of production. 
In choosing the site and the structure of the new mill, exact calculations 
were made of the ton-kilometer and ruble costs of delivering rolled steel 
to the Leningrad market, and the choice was made according to good 
"bourgeois" principles. Like all of the other projects of the Fourth Five 
Year Plan, it was conceived before the war. The idea of building an 
iron and steel plant in the Leningrad area using Kola ores had been 
suggested as early as 1931, but very little was done about it until Lenin- 
grad had been cut off from Donbass coal by the German army and a 
railroad hurriedly completed to the Pechora coal fields at Vorkuta. It was 
only at this point that Stalin’s infallible foresight was brought to bear in 
the matter, and it was stated that “Comrade Stalin in a conversation with 
Academician Komorov showed the necessity for creating an iron and 
steel base to supply Leningrad industry with metal.” '* 

While the war was still going on, the Academy of Sciences of the 
USSR was urgently requested to report on the advisability of establish- 
ing the plant and its prospective location. Even though the Academy’s 
report left a number of important problems unanswered, the govern- 
ment decided to include the northwest works in the Fourth Five Year 
Plan. The hope in 1946 was that the blast furnaces would be blown in 
during 1951-52, but the start was delayed. At the end of 1947 the Min- 
istry of Construction had as one of its jobs for 1948 the beginning of 
construction work at Cherepovets. As at all of the other new works the 
problems of smelting the low grade iron ores are difficult, and we can 
be reasonably sure that the furnaces were not blown in on schedule. 
Whether the plant will ever turn out 1,300,000 tons of pig iron and 2,100- 
ooo tons of steel a year as planned is problematical.!5 


Moving Markets to the Mills 


Another obvious way to mitigate the harm caused by separation of 
steel mills and consumer markets is to bring the markets to the mills. 
This process began with the Third Five Year Plan. Instead of building 
one automobile factory, the intention was to build three or four such 
factories closer to the centers of iron and steel production. 

Stalin, speaking to the Sixteenth Party Congress in 1930, pointed out 
that the contemplated construction of machine-building works, repair 
shops, and textile factories in the eastern regions demanded the com- 
pletion of the Urals-Kuznetsk combine. This is, of course, logical antici- 
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pation of market demand, but the overriding reason for building mills 
in the barren wastes of the southern Urals and western Siberia was the 
presence of iron ore and coal. The opponents of the Urals-Kuznetsk proj- 
ect had based their opposition on the problems of transport and markets, 
and Stalin may have been attempting to minimize the force of their 
arguments. In any case, the metal-consuming factories he spoke of were 
not built until a decade or more after the iron and steel mills had come 
into operation, when the pressure on the transport network had become 
extreme.!? 

A peculiar conjuncture of events greatly accelerated this trend dur- 
ing the Second World War. The character and size of basic iron and 
steel mill equipment, particularly open-hearth and blast furnaces, pre- 
cluded the successful evacuation of the iron and steel industry. It proved 
more feasible to transfer metal-working factories of all types away from 
the older centers in the Moscow-Leningrad area and the Ukraine to the 
Urals and western Siberia, closer to the giant new steel mills at Nizhnii 
Tagil, Magnitogorsk, and Kuznetsk. During the war years, machine 
building and metal fabrication in the Urals expanded almost sixfold. 
By 1942, when machine building and metal fabrication had expanded 
4.5 times above the level of 1940, the share of machine building in the 
industry of the Urals had risen to 66 per cent as against 42 per cent in 
1940, 31.7 per cent in 1937, and only 8.3 per cent in 1913. The same 
development occurred in western Siberia, where the output of machine 
building and metal working in 1943 was eleven times greater than it had 
been in 19402? 

Before the last war the Urals imported over two-thirds of its ma- 
chinery. There was little or no production of power and electrical ma- 
chinery, engines, pumps, compressors, roadbuilding equipment, or con- 
struction machinery. Even in the heavy-machinery industry, manufacture 
was built around three plants: the Urals Heavy Machinery Works (Ural- 
mashzavod), making mining and metallurgical equipment; the Urals 
Freight Car Works; and the Cheliabinsk Farm Machinery Works. In 
addition there were newly built in the first two Five Year Plans, and 
especially in the last prewar years, 1937-1940, plants for arms, ammuni- 
tion, airplane motors, and so forth, and special armament shops were 
set up at plants of other branches of Urals machinery. 

The prewar freight-car plant exceeded the other two big works in 
size, modernity, and mechanization. Capacity was set at 28,800 cars for 
the first section and total capacity at 43,000, or the equivalent of 130,000 
two-axle units. In 1938, however, output was only 4,400 freight cars, so 
there was plenty of room for wartime conversion and expansion. Both 
the Cheliabinsk and Urals Heavy Machinery plants produced tanks dur- 
ing the war. Between the beginning of the war and May 25, 1945, the 


212 THE ECONOMICS OF SOVIET STEEL 


latter turned out 35,000 tanks and at the same time made blast-furnace, 
electric-power, and other equipment. By 1944 its total output was seven 
times that of 1940. 

By the end of the war the Urals machine-building industries had 
capacity greater than the prewar capacity of Leningrad or the Ukraine 
and was approaching that of the main center of the industry, Moscow. 
Before the war consumption within the region absorbed only two-thirds 
of the Urals metal output, but during the war machinery output grew 
so fast that in spite of the growth of steel production, shortages devel- 
oped and economies became necessary. "The changed relationship be- 
tween machinery and metallurgy in the Urals demands the urgent in- 
crease of iron and steel and its further extensive development." ?! 

There was also a great expansion in the consumption of metal in the 
Volga region. One source says that: 


the industrial structure of the Volga region was radically changed during the 
course of the war. Especially significant was the rise of the metal-working 
industry. In 1942 the value of the output of the metal-working industry in 
the Volga region was 8.9 billion rubles and in 1943, 10.5 billion rubles, as 
against 1.2 billion rubles in 1940. The share of the metal-working industry in 
the total industry of the Volga region was 74 per cent in 1942 compared to 
31 per cent in 1940.7? 


The Volga region is not itself a major iron- and steel-producing region, 
but it is much closer to the Urals and no farther from the Ukraine than 
the old centers of machine building in the Moscow-Leningrad area. The 
expansion of metal-working in the Volga region at the expense of the 
older regions is therefore a net movement of consumer markets closer 
to the production base of the iron and steel industry. 

The tendency to expand and relocate steel-consuming industries 
closer to the basic iron- and steel-producing centers, which began in 
1939 and developed so fast during the war, continued under the Fourth 
Five Year Plan. It is beyond the scope of this study to trace this develop- 
ment in any detail. One example will have to suffice. There was no basic 
expansion of the iron and steel works of the Kuznetsk basin, nor were 
any new iron and steel works built in western Siberia during the Fourth 
Five Year Plan. On the other hand, the steel-consuming industries of 
western Siberia continued their rapid wartime development. The Russians 
planned to produce at Krasnoiarsk the following new products: locomo- 
tives, grain combines, mining machinery, oil pumps, and dredges. Novo- 
sibirsk was to build a new automobile factory and become one of 
Russia's largest machine-building centers, bearing the same relationship 
to the nearby Kuzbass that Kharkov bears to the Donbass. Omsk, on the 
Irtysh River, is developing farm-machine building and automobile as- 
sembly, and Tiumen’, on the Tura River, the construction of river boats.?3 


CHAPTER 12 ———— 


The Role of Transportation in Location 


The cost differentials in transportation that arise as a result of choos- 
ing various plant sites are very large compared to those arising from 
differentials in labor and other costs. The problem of supplying a large 
market area, such as that in the United States or Russia, is essentially the 
problem of selecting the particular location that will minimize the trans- 
port cost incurred in assembling raw materials and shipping the finished 
product. This reasoning is, of course, implicit in the discussion of the 
other factors determining location. From one point of view, it might even 
seem unnecessary to discuss the cost of transportation as a factor sepa- 
rate from the others. But since the Soviet economic planners considered 
transportation costs so distinct in kind as well as degree from production 
costs, it is necessary to analyze transportation costs separately in order 
to understand the location of the Soviet industry. 

The location of the iron and steel industry in terms of minimizing 
total transport costs was analyzed by Alfred Weber in 1909, in his famous 
Ueber den Standort der Industrien. The Weber analysis was applied to 
the location of the American iron and steel industry in an article written 
by A. Predoehl in 1928.? Both of these studies were translated into Rus- 
sian (in 1926 and 1933 respectively), which brought them to the attention 
of those Soviet economists who previously had not been acquainted with 
them, and Weber’s analysis became the center of a lively controversy? 
In spite of Weber's vigorous arguments, the Soviet authorities grossly 
underestimated the costs of transportation when deciding in the early 
1930's where to locate their new iron and steel plants. 

To illustrate the role of transport in location, our discussion will cen- 
ter about the Urals-Kuznetsk problem. This particular case is chosen not 
only because of the intrinsic importance of these mills to the industry 
of the Soviet Union (they far outproduce the entire tsarist steel in- 
dustry), but also because the building of giant mills to combine the iron 
ore of the Ural Mountains with the coking coal of western Siberia has 
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become one of the most widely discussed problems of industrial location 
in the twentieth century. 


Pre-decision Árgument 

The concept of the Ural-Kuznetsk combine did not spring fully de- 
veloped from the head of Stalin. Over two hundred years ago, in 1747, 
the Russians began to exploit Magnitogorsk ores. Thereafter, about 50,- 
ooo tons a year were hauled by pack horse sixty miles to the Beloretsk 
charcoal blast furnaces. The Kuzbass was opened up in 1772, and the 
first charcoal plant began smelting local ores in 1771, at the same time 
that coal mining began. The first coking plant was built in 1916, and the 
old works began to smelt pig iron with coke in 1925. At least as early as 
1893 the systematic study of the problem of combining Ural ore and 
Kuznetsk coke began, but in the situation existing up to 1914, Russian 
capitalists did not believe it possible to cover both the high cost of trans- 
porting the raw materials and the cost of hauling the finished steel to 
distant markets. As one Soviet writer euphemistically put it, only social- 
ists were able to charge low enough freight rates to make the combine 
feasible.* 

In an effort to take advantage of the lower cost of water transport, 
the capitalist proprietors of the Nadezhdinsk (Serov) Iron Works in the 
Urals tried to establish direct connections between their plant and the 
Kuznetsk Basin by way of the River Ob’. During the Civil War, when 
Siberia was occupied by Admiral Kolchak, his engineer discussed the 
problem, and the company owning the Kuznetsk mines planned to erect 
a medium-sized iron-smelting plant in the Kuzbass. Kolchak's defeat, 
however, precluded implementation of the plan.? 

At the same time (during the period 1918-1920), plans for the Ural- 
Kuznetsk combine were being prepared by a group of Siberian engineers 
working under the Supreme Economic Council In 1925, the Uraf- 
proektbiuro was engaged in preliminary planning for Magnitogorsk, and 
by 1926 the Gosplan envisaged five large new iron and steel works in the 
Urals and western Siberia. These plans came under attack by both the 
Ukrainian Gosplan and the commissariat in charge of the railroad trans- 
port. The Ukrainian Planning Commission had an axe to grind. The 
larger the share of new investment devoted to building iron and steel 
mills in the east, the less resources would be left to devote to expansion 
of the industry in the Ukraine. The Ukrainian spokesman, Ia. Diman- 
shtein, emphasized the importance of transport costs, and he publicized 
his argument so widely that the proponents of the Ural-Kuznetsk com- 
bine had to understate transport costs in order to make the project appear 


feasible.* 
Dimanshtein emphasized those factors that proponents of the com- 
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bine minimized. He particularly stressed the importance of the size and 
location of consumer markets, the use of scrap metal in steel converters, 
and, throughout his argument, the costs of transportation. He stated 
that differentials in the costs of transportation should draw the industry 
close to its basic raw materials, especially coal and iron ore. Raw material 
costs, he claimed, make up as much as 9o per cent of the total costs of 
production, and, since transport expense is such a large element in the 
cost of raw materials, the location of iron and steel mills should be con- 
fined within comparatively narrow limits. The plants should be located 
where conditions, including social-economic factors, would result in the 
lowest total costs of production. These costs include the costs of trans- 
portation to the important centers of consumption. Dimanshtein took 
pains to point out that an especially low freight rate would be needed to 
allow costs at Magnitogorsk to equal the costs at, say, Krivoi Rog in the 
Ukraine. 

Another prominent opponent of the Ural-Kuznetsk combine, Professor 
V. G. Postriganev, recently escaped from the Soviet Union and now re- 
sides in New York City. His study of the comparative costs of making 
steel in the Urals and the south, published by the Ukrainian Gosplan in 
1927, supported Dimanshtein’s position. Ia. G. Feigin, another engineer- 
ing professor, had the temerity to state with reference to the Ural- 
Kuznetsk combine that "transportation of raw material and fuel for 2,000 
kilometers is completely irrational.” 8 

Twenty years after this conflict the party line had made a complete 
circle, and the calculations to determine the new northwest iron and steel 
plant were made precisely in the manner advocated by Dimanshtein. In 
the meantime, however, the arguments of the southern metal producers 
and of the railroad officials were overruled, and the creation of the Ural- 
Kuznetsk combine proceeded apace. During 1928 plans were developed 
for Magnitogorsk, calling for 656,000 tons of pig iron per year. The offi- 
cial decision to create the Ural-Kuznetsk combine was promulgated in 
January 1929. During 1929, the sights for Magnitogorsk were raised to 
2,500,000 tons, and this new aim was accepted by the Party Conference 
and Congress in 1930. The goal was subsequently raised to 4,000,000 tons 
and then to 8,500,000 tons. Construction of the Magnitogorsk works 
began in March 1929, the Kuznetsk works having been started some- 
what earlier.? 

Dimanshtein, with his "illiterate and pernicious" emphasis on trans- 
portation, a “bourgeois theoretical conception of Weber's,” was held up 
for ridicule, and subsequently included in the group of “wreckers.” The 
official attitude then ran along the line that "the means of transportation 
on most occasions do not determine the choice of regions and sites for 
the construction of iron and. steel works. On the contrary, the construc- 
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tion of the metallurgical works determines the organization of the cor- 
responding system of transport connections.” 1° 


Transport versus Production Costs 


Another reason for the failure to appreciate the importance of trans- 
portation was institutional. Soviet industrial managers are primarily con- 
cerned with minimizing production costs in the narrow sense, that is, 
those costs which for administrative reasons show up in their own in- 
dustrial accounts. Thus the Magnitogorsk manager is not directly con- 
cerned, nor are his superiors in the Ministry of Metals, with the trouble 
that the location of steel plants may cause the railroad administration, 
The contrary attitude is taken by the ministry in charge of railroad trans- 
port. Industrial management won the first round of the argument. The 
objections of the transportation administrators to the Ural-Kuznetsk 
project were overruled. 

According to the narrow viewpoint of the iron and steel industry, 
which ignores transportation costs, production at Magnitogorsk and Kuz- 
netsk had undoubted cost advantages. Magnitogorsk ore, lying close to 
the surface, could be loaded directly into railway cars by giant shovels 
mining by the open-pit method. The excellent chemical and physical 
properties of the upper layer were even better than those of Ukrainian 
iron ore. The cheaper cost of the ore is reflected in the prices set by the 
reform of 1936, when the Soviet price system was closer than it ever 
was before or has been since to actual costs. In 1936 the new price for 
Krivoi Rog ore, containing 6o per cent iron, was 8.35 rubles; and that 
for Magnitogorsk ore, with 58 per cent iron, was 5.80 rubles per ton, 
indicating that costs at Krivoi Rog were about 5o per cent higher than 
at Magnitogorsk.!! 

A more important factor in the lower costs of production at Mag- 
nitogorsk and Kuznetsk was the superior quality and deposition of Kuz- 
bass coking coal (see Chapter 8). Under the 1936 price reform, the price 
of eastern coal was set at 18.40 and of Donbass coal at 23.50 rubles per 
ton. To this cost advantage must be added the improved blast-furnace 
performance, the lower flux consumption, and the sulphur-free pig iron 
obtained from Kuzbass coke. 

Against these advantages there had to be weighed the cost of trans- 
porting the coal and ore 2,300 kilometers over an inadequate and over- 
crowded railroad system, much of it only single-track. Dimanshtein, 
Postriganev, and others forced their opponents to admit that, if regular 
freight rates were charged, the cost advantage would clearly favor build- 
ing the new mills in the Ukraine instead of the east. In order to bring 
the costs of production at Magnitogorsk and Kuznetsk into line with those 
of comparable new plants in the Ukraine, it was necessary to subsidize 
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the combine by especially low freight xates. These low rates were set 
early in 1928, at which time the general structure of freight rates had 
already fallen relative to other prices. 

The commissar of the iron and steel industry condescendingly justi- 
fied this situation by reference to foreign experience: “One must... 
remember that there has been a sharp lowering of freight rates on ore 
and raw materials for metal in all of the big capitalist countries. It would 
be surprising if the planned economy of the Soviet Union did not pro- 
ceed much further and more firmly in that direction." !? The steel com- 
missar expects every railroadman to do his duty! 

An article which appeared shortly after Dimanshtein's pro-Ukrainian 
article will serve to illustrate the attitude and arguments of the victors 
in the controversy. P. P. Rudnikov, writing for a journal published by 
the metal industry, was trying to prove the feasibility of hauling Kuznetsk 
coal 2,300 kilometers to the proposed new works at Magnitogorsk. He 
pointed out that the feasibility of this operation depended on the an- 
swers to two questions. (1) Were the Siberian railroads technically capa- 
ble of handling the mass haul of coal? (and iron ore?) (2) Was it 
economically feasible for the railroads to haul the coal at the special rates 
proposed? The following paragraphs summarize his examination of these 
questions. 

1. The load carried by the Siberian Trunk Line by 1926 had already 
risen above the prewar level, as Table 33 indicates. The total annual ca- 


TABLE 33 


TONNAGE HAULED BY THE SIBERIAN TRUNK LINE, 
1918, 1923-1926 (1,000 tons) 


1913 1922-23 1923-24 1924-25 1925-26 
Grain 1,076 51 526 1,492 1,520 
[oni c sotn isep ee 1,251 1,220 1,034 1,398 2,296 
Lumber,.......... 662 3 30 275 413 
ise. 1,286 904 800 1,134 1,625 
Total......... 4,275 2,963 2,661 4,249 5,854 


———————M——————————————————— 
Source: P. P. Rudnikov, "The Fuel Problem of the Magnitogorsk Iron and Steel Works," 
Metall, 1928, no. 10, p. 54. 


pacity was estimated by Rudnikov to be about 6,500,000 tons, which 
somewhat exceeded the load carried in 1926. This capacity would be 
enough to carry the added load of 2,672,000 tons if the coal were coked 
at Kuznetsk and shipped as coke to Magnitogorsk. However, shipping 
raw coal would require the transport of 4,005,000 tons, and would in- 
volve the investment of about 100 million rubles to double-track the line 
on the most heavily burdened section form Omsk west. The author failed 
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to point out that, as will be shown presently, the amortization charges 
(to say nothing of the interest charges, which do not appear in Soviet 
cost accounts) on this investment would not appear in the costs of pro- 
duction of pig iron at Magnitogorsk. 

2. The problem of what freight rate to charge was not so easily solved. 
There had just been set up the exceptionally low rate of 0.38 kopecks 
per ton-kilometer for trainloads of 25 to 30 cars traveling the 2,300 kil- 
ometers from Kuznetsk to Magnitogorsk. How much did the railroads 
stand to lose on this deal? Rudnikov estimated that, making full allow- 
ance for the economies of shipping in go-car trainloads, the direct or 
marginal costs would come to 0.377 kopecks per ton-kilometer. In other 
words, the special rate was just enough to cover absolute minimum out- 
of-the-pocket costs. The railroads would lose, therefore, the full amount 
of their overhead costs, which in this case amounted to 0.702 kopecks per 
ton-kilometer. That amounted to 16 rubles for each ton of coal carried the 
2,300 kilometers. If 4,000,000 tons were to be transported, the railroads 
would lose 64,000,000 rubles a year on the coal haul alone. 

Mr. Rudnikov then tried to explain away this loss. His first suggestion 
was to reform the railroads’ cost-accounting system. Next, he suggested 
that the railroads improve their operating procedures, especially on the 
trunk lines, build special equipment and new lines, and so on. Then he 
resorted to the argument that, even though the freight rate might be a 
losing proposition for the railroad administration, it would be highly 
profitable to the national economy as a whole. The exploitation of Mag- 
nitogorsk ore and Kuznetsk coal was essential to the industrialization of 
Siberia. The railroads themselves would in turn benefit from the indus- 
trialization of the region through cheaper supplies of materials needed 
for Siberian railroad development. Furthermore, the railroads could re- 
coup their losses by receipts from other shipments that would increase as 
a result of building the Ural-Kuznetsk combine. By arguments such as 
these, Rudnikov disposed of the question of the loss the railroads would 
suffer from the low freight rate. It never occurred to him that, if such 
a loss were justified as a cost of industrializing Siberia, the loss ought 
to be carried on the books of the iron and steel industry.!? 

This policy bas continued throughout the years that have elapsed 
since Rudnikov's argument was published in 1928. Why does the Soviet 
government require the railroads to subsidize the Ural-Kuznetsk com- 
bine? One explanation may be that the building of this tremendous en- 
terprise required immense sacrifices on the part of the Russian people. 
The combine became a spectacular symbol dramatizing the progress of 
the tremendous industrialization program. The accomplishments of these 
great steel mills have long been headlined almost daily in the national 
press. Their costs are constantly being compared to those of steel mills 
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in other parts of the country. The dramatic appeal might be lessened if 
it were also constantly brought to public attention that Magnitogorsk 
and Kuznetsk operate at a loss. On the other hand, the explanation may 
be that the iron and steel industry simply had the upper hand when the 
basic decision was made in 1928. 

On September 4, 1928, the Council of Peoples Commissars decreed 
a special low rate for the transport of Kuzbass coal and for the return 
shuttle of Magnitogorsk ore.“ To the basic rate of 0.38 kopecks per ton- 
kilometer, there was added only a 10 per cent handling charge, which 
for this trunk-line operation was considerably lower than similar charges 
in the general rate schedule, and which brought the total freight charge 
up to 0.418 kopecks per ton-kilometer. This rate amounted to approxi- 
mately one-third of the rate then charged for coal hauled the same dis- 
tance in the general rate schedule. For Magnitogorsk ore, the special rate 
amounted to one-half of the average rate at which all other iron ore was 
shipped in the year 1935. In spite of the inflation of these years, which 
from 1929 to 1935 raised the costs of construction 245 per cent, this ex- 
traordinarily low rate was maintained unti] the reform of the whole price 
structure in April 1936. 

This reform eliminated all special freight rates, with the single ex- 
ception of special low rates on the Magnitogorsk-Kuzbass shuttle. 
Although the latter were raised 62 per cent in 1936, from 0.418 to 0.68 
kopecks per ton-kilometer, they remained about one-half the level of rates 
charged for the same distance in the general rate schedule. The 0.68 
kopeck rate lasted exactly three years, until a decree of the Council of 
People’s Commissars in April 1939 again revised the entire freight-rate 
schedule. Long-distance hauls were discouraged by penalty rates in order 
to lighten the load on the transport facilities, but the Ural-Kuzbass long- 
haul was again an exception. The rate on this shuttle operation was 
raised, in view of the continuing inflation, from 0.68 to 1.00 kopecks per 
ton-kilometer, but the general rate schedule now charged 1.61 kopecks 
for coal and 2.22 kopecks per ton-kilometer on ore for the same length 
of haul. (The average charged for all ore was 2.07.) The only other ex- 
ceptioh in the entire 1939 rate schedule was a rate of 1.36 kopecks 
charged to all recipients of Moscow coal, exactly half of the average rate 
they had paid before 1939. This special rate was designed to encourage 
the local consumption of Moscow coal and to discourage the long haul 
of Donets coal to the northern regions.!5 

The 1939 rates were maintained for ten years. I. V. Kovalev, the 
Minister of Transport, complained in 1946 that the general rate schedule 
was still overly favorable to long hauls that burdened the railroad net- 
work. Coal rates fell from 4.40 kopecks on short hauls to 1.61 kopecks 
per ton-kilometer on hauls from 2,000 to 3,000 kilometers in length. 
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Kovalev wanted the advantage for long hauls to be reduced, but he did 
not have the courage to recommend the abolition of the special rate on 
Kuzbass coal shipped to the Urals. He recognized administrative reali- 
ties when he said, "The lowering of the rate on long hauls must be re- 
duced, with the exception of certain regions for which the long hauls are 
an economic necessity.” 1° In other words, he recognized that Magnito- 
gorsk, Cheliabinsk, Novo-Tagil, and other coke blast-furnace plants in 
the Urals simply could not operate without Kuzbass or Karaganda coal, 
both of which were shipped to them at special freight rates. 

When the next revision of freight rates was announced (it went into 
effect in January 1949), much emphasis was placed on raising rates on 
pig iron, rolled products, and other items on the long-distance hauls over 
1,500 kilometers. This penalizing was done deliberately to discourage 
long hauls and to ease the load on the transport network. If this principle 
were to be applied to the Ural-Kuznetsk combine, imagine what would 
happen to the much-publicized low cost of pig iron at Magnitogorsk. 
Never fear, however: Special Rate Number One gives the usual advantage 
to the shipment of coal from the Kuzbass to Magnitogorsk and to other 
stations on the Southern Urals Railroad. This charge, unlike all others, 
is significantly below the costs of transporting coal. Chernomordik, in 
announcing Special Rate Number One, makes a feeble attempt to ra- 
tionalize the exception. He is obviously pleased, however, that the 
difference is reduced, and explains that reducing the subsidy on Ural- 
Kuznetsk transport will stimulate the use of Urals and Karaganda coals 
at Magnitogorsk and discourage the longer haul from the Kuzbass. With 
specific reference to the Magnitogorsk discount, he openly admits that 
"the Soviet freight-rate system, based on the principle of costs, includes 
the use of freight rates as a lever of economic policy.” ?* 

Comparisons between the costs of production in newly equipped 
plants and old plants in the Soviet Union have very limited significance 
because of unusual features in the Soviet system of capital accounts. 
Nevertheless, it was a source of satisfaction that the costs of producing 
pig iron and steel at Kuznetsk were about half as high as the industry 
average, and one-third as high as at the old Urals plants, on the eve of 
the Second World War. By 1941, however, the transport difficulties had 
become so serious that every effort was made to cut to the absolute mini- 
mum the shipping of Magnitogorsk ore to Kuznetsk. In order to en- 
courage the maximum use of local ores, the specially low freight rate on 
the transport of Magnitogorsk ore consumed at Kuznetsk was revoked. 
By 1947, 72 per cent of the ore consumed at Kuznetsk was local ore; 
and on the other 28 per cent, the regular freight rate for the long haul 
from Magnitogorsk was paid. The results were just what one might 
expect. In 1940 Kuznetsk made the enormous profit of 102,600,000 rubles, 
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but in 1947 it lost 19,900,000 rubles. The net loss to the state in 1947 
compared to 1940 was 122,500,000 rubles on the production of about 
1,500,000 tons of steel, or a loss of about 80 rubles a ton. This tremendous 
loss occurred in spite of big economies in other directions. In 1940 Kuz- 
netsk paid its customers 20,800,000 rubles in refunds for shipping them 
substandard products, but in 1947 these refunds amounted to only 800,- 
ooo rubles. Part, but only part, of the loss is attributable to the rise in 
money wage rates. The rest must be attributed to the higher freight rate 
and to the higher real costs of trying to operate Kuznetsk as an independ- 
ent unit instead of as an integral part of the Ural-Kuznetsk combine.!* 


Results of Underestimating Transport 


The effects on the railroad system of building the Ural-Kuznetsk 
combine soon became painfully evident. In the first place, the combine 
contributed in large measure to increasing the average length of haul 
of ore, coal, iron, and steel. The combine began operation in 1931 and 
completed its first phase of expansion in 1936.1? Table 34 shows that be- 
tween 1930 and 1937 the average length of haul of these three groups of 
products increased as follows: coal and coke from 614 to 709 kilometers, 
or by 15 per cent; ore from 396 to 633 kilometers, or by 60 per cent; iron 


TABLE 34 


AVERAGE LENGTH OF HAUL OF COAL AND COKE, 
ORE, IRON AND STEEL, 1913, 1928-1940 (kilometers) 


Coal and coke Ore Iron and steel 


Sources: These figures derive from several different Soviet sources, which are cited by 
H. Hunter in “The Economics of Soviet Railroad Policy," Ph.D. dissertation, Harvard University, 
March 1949, pp. 204-214. Kaganovich, in a speech reported in Pravda, April 27, 1954, com- 
plained that the nverage haul for iron and steel increased from 966 in 1940 to 1101 in 1953. 
blaming the increase on bad specinlization of rolling mills. 
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and steel from 808 to 1,004 kilometers, or by 24 pex cent. It is easy to see 
how, in spite of every effort to reduce long hauls of these raw materials 
from other deposits, the shuttle of millions of tons of coal and ore back 
and forth over a distance of 2,300 kilometers was bound to raise hauls 
that previously had averaged only 614 and 396 kilometers. This fact 
becomes even more obvious when one considers the relative magnitude 
of the new operation. In 1935, the Soviet railroads shipped 14.9 billion 
ton-kilometers of coal, of which 6.2 billion ton-kilometers, or 42 per cent, 
were accounted for by the shipments from the Kuzbass to Magnitogorsk. 

The second effect of the new shuttle on the railroad system was the 
great increase in the freight load on the western section of the Trans- 
Siberian Railroad. It has been shown in Table 33 that several years 
before the combine came into operation, the freight load on the Trans- 
Siberian Railroad exceeded the prewar level I have been unable to 
locate a continuous series of statistics showing freight traffic over the 
entire network of western Siberian railroads, but scattered figures sup- 
port the general impression given by Soviet writers that this freight over- 
load became a serious economic problem. Take, for example, the "bottle- 
neck” section of the Trans-Siberian Railroad, the 637-kilometer section 
between Omsk and Novosibirsk. The total freight carried west on that 
section amounted to 2,984,000 tons in 1931. But in 1932, the first full year 
of operation of the Ural-Kuznetsk combine, the total rose to 4,503,000 
tons, and in 1933 it rose to 4,979,500 tons. In 1932, coal and coke alone 
comprised 3,408,900 tons, or 75 per cent of the total. On the same section, 
the total freight carried east amounted to 2,417,100 tons in 1931, to 3,- 
204,200 in 1932, and to 3,125,300 in 1933. Of the 3,204,200 tons carried 
in 1932, 621,500 tons, or 19 per cent, were ores from Magnitogorsk.?° 

Urals’ consumption of long-haul coal increased from 800,000 tons in 
1927-28 to 7,500,000 tons in 1937. By then, the total freight shipments 
into the Urals from the east amounted to 9,350,000 tons, of which 7,500,- 
000 tons, or 81 per cent, were coal. The total load east from the Urals 
to western Siberia amounted to 6,200,000 tons, of which 2,900,000 tons, 
Or 47 per cent, were ores.?! 

Between 1928 and 1940, the density of traffic on the railroad line 
connecting the Kuzbass and Magnitogorsk and on the main lines in the 
Urals increased fivefold, from 1,200,000 to 6,800,000 ton-kilometers per 
kilometer of track per year. The 6,800,000 compares to only 4,100,000, 
which was the average increase in density for the country's entire net- 
work. The Second World War, of course, greatly increased the conges- 
tion on the railroad lines connecting the Urals with the Kuzbass and 
Karaganda. By 1944 the average density was 75 per cent over that of 
1940 on the western exit from Cheliabinsk through Ufa, 58 per cent over 
that of 1940 on the Karaganda-Akmolinsk line, and 47 per cent over 


THE ROLE OF TRANSPORTATION IN LOCATION 223 


that of 1940 on the bottleneck section between Omsk and Novosibirsk. 
By 1937 traffic on this last section had reached the very high figure of 
21,000,000 tons. In 1951 it was claimed that the Omsk line alone carried 
more freight than all of the railroads of Britain together. 

The railroads simply could not handle the urgent needs of the com- 
bine. During the first four months of 1947, the railroads failed to ship 
139,000 tons of rich Magnitogorsk ore that were badly needed at Kuz- 
netsk. The westbound shipments were even more jammed up. In the 
Kuzbass during May 1947, over a million tons of coal lay awaiting ship- 
ment, and the steel plant could not ship out over 100,000 tons of metal 
that were badly needed by the national economy.?? 


Remedies 


As they did in the case of “gigantomania,” the Russians eventually 
realized that they had a problem: that transportation played a key role 
in the choice of regional location. In fact, the realities of the transport 
problem created by the Ural-Kuznetsk combine appeared so promptly 
and bore down so heavily that there was little time for the customary 
philosophical discussions and recriminations. The objective situation re- 
quired effective remedies. In the process, the misconceptions of the eco- 
nomic theorists were corrected. 

“What is a ton of pig iron if you break it down into its basic con- 
stituents?” asked Bardin, the leading authority, in 1939. “In the south it 
is 700 ton-kilometers and 2-3 man-days, which are needed to mine the 
ore, manufacture the coke, and reduce them in a blast furnace; in the 
central region it is goo ton-kilometers and 3.5-4 man-days; at Magnito- 
gorsk and Kuznetsk, it is 4,500 ton-kilometers and 2 man-days; and finally, 
in the Urals [charcoal works] a ton of pig iron amounts to 100 ton- 
kilometers and 12 man-days." *8 On the basis of this Weberian reasoning, 
Bardin advocated one of the remedies that was employed to make use 
of the Urals iron ore without having to haul more coal from the Kuzbass. 
The remedy was to utilize the local timber supply by renovating and ex- 
panding the production of the ancient, small-scale charcoal works. 
"Therefore, we must take advantage of the [low transportation costs of 
only] one hundred ton-kilometers, and struggle along with the large 
number of man-days which are consumed in a ton of pig iron manufac- 
tured in charcoal blast furnaces." ?* This proposed remedy was expensive. 
The cost of charcoal pig iron was so much greater than coke pig iron 
that its price was set in 1936 at 197 rubles, plus a 56-ruble surcharge for 
the product's low sulphur and phosphorus content. The price of all coke 
conversion iron was set at 108 rubles per ton. We have already de- 
scribed how, despite the high cost, new charcoal blast furnaces were 
built during the Second World War. 
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The remedies employed to alleviate the congestion of the transport 
system and to reduce costs of the Ural-Kuznetsk shuttle may be divided 
into two categories. On the one hand, the Russians tried energetically 
to reduce the demand for transport services. This involved developing 
alternative sources of raw materials, as well as curtailing the expansion 
of the combine itself. On the other hand, it was necessary to invest vast 
sums in expanding tho Siberian railroad network, in order to take care of 
the large demand for transport services. 

The development of high-cost charcoal smelting in the Urals, which 
reduces the shipment of Kuzbass coal, is one way of reducing the demand 
for transportation service. The congestion on the Trans-Siberian Railroad 
was about 5o per cent greater in the westerly direction, from the Kuz- 
bass to the Urals, than vice versa; hence this development was particu- 
larly helpful to the hard-pressed railroad administration. We have already 
noted the impracticability of using Kizel coal for metallurgical coke. On 
the other hand, Urals low-grade coal can be utilized by steel and other 
industries as a source of heat and power, and thus can be substituted 
for imported coal. In order to obviate the long haul from Kuznetsk and 
Karaganda, the Soviet government pushed the production of coal in the 
Urals, with considerable success. In 1913, the total annual coal production 
in the Urals amounted to 1,200,000 tons, and in 1929-30, to 2,300,000 
tons. Thereafter, it rose rapidly to 4,200,000 in 1933, to 8,100,000 in 1937, 
and to 11,842,000 tons in 1940. During the Second World War, local 
production was pushed even more vigorously. By the middle of 1944, 
over thirty new mines had been constructed, and output continued its 
rapid rise. In 1942 the Urals mines produced 16,400,000 tons; in 1943 
production jumped to 21,300,000 tons; and in 1945 the mines turned out 
25,600,000 tons of low-grade coal. With the avowed aim of reducing im- 
ports of fuel for energy purposes, the Fourth Five Year Plan called for 
an output of 31,150,000 tons in 1950. It is highly probable that the 1950 
goal was attained, because the leading Urals coal basin (Kizel) exceeded 
its 1950 goal by 2,648,000 tons.?5 

The main efforts to find a substitute for Kuzbass coal were devoted to 
the development of Karaganda in northern Kazakhstan. We have pre- 
viously discussed the use of Karaganda coal for coking; it is also con- 
sumed in the Urals for energy fuel, as a substitute for Kuzbass coal. Its 
calorific value is much less than that of Kuzbass coal, and it has to be 
hauled a great distance by Western standards — but even so only about 
half as far as the distance from the Kuzbass to the southern Urals. Con- 
sequently, production at Karaganda has exhibited almost as rapid a rise 
as coal production in the Urals. In 1932 the Karaganda output was 722,- 
ooo tons; in 1934, 1,831,000 tons; 1937, 3,900,000 tons; 1938, 4,147,000 
tons; 1940, 6,298,000 tons; 1944, 10,700,000 tons; 1950 Plan, 14,600,000. 
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Karaganda in 1950 produced more than the tonnage called for by the 
Fourth Five Year Plan, but how much more is not clear. The basin was 
reported to have fulfilled its Five Year Plan goal on November 22, 1950, 
and its 1950 annual plan, which had been raised on the basis of perform- 
ance, on December 22, 1950. This report would indicate production in 
1950 of about 16,000,000 tons.?? 

The rapid development of Urals and Karaganda coal helped to lighten 
the load of coal moving west from the Kuzbass. The poor quality of these 
substitute coals, however, has limited their use to an admixture of 40 per 
cent for Magnitogorsk coke. All of the other coke blast furnaces in the 
Urals, including the giant furnaces at Cheliabinsk and Novo-Tagil, still 
have to rely almost exclusively on Kuzbass coal for coke. 

The Soviets have been much more successful in cutting out the other 
half of their famous shuttle, the haul of Magnitogorsk ore to Kuznetsk. 
They have succeeded at great cost in substituting local western Siberian 
ores for most of the Kuznetsk blast-furnace charge. Having previously 
described the great obstacles encountered in the desperate attempt to 
use the limited supplies of local ore, we shall at this point merely in- 
dicate the progress achieved. The percentage of local ores consumed at 
Kuznetsk was 18.6 in 1935; 21.0 in 1937; 15.0 in 1939; 32.6 in 1940; 61.0 
in 1944; 54.2 in 1945; 72.0 in 1947; 70.7 in 1949. The balance of the ore 
came from Magnitogorsk.?" During the thirties the share of local ores 
remained very low, despite the aim of the government to shift the Kuz- 
netsk plant to a localore basis during the Third Five Year Plan. The 
1940 Plan called for 45 per cent local ores, but these ores provided only 
32.6 per cent of the mix. As in so many other aspects of the Soviet econ- 
omy, substantial change was achieved only under the lash of war. By 
1944 the local share had jumped to 61 per cent, falling back slightly as 
the war ended. In 1945 the intention was announced to have Kuznetsk 
operating exclusively on local ores by the end of 1948. When the Fourth 
Five Year Plan was announced, it was recognized that, contrary to ear- 
lier hopes, Kuznetsk could not become completely self-sufficient. A pla- 
teau of about 71 per cent was reached and maintained for the three 
years 1947 through 1949. For technical reasons this share is not likely to 
be exceeded by more than a few per cent (see Chapter 9). In fact, one 
should expect to find the share of local ore declining rapidly after 1960 
if present output is maintained. 

In the meantime, the overtaxed railroads have been enjoying a re- 
spite. In 1940 they carried to Kuznetsk from the Urals 1,900,000 tons of 
Magnitogorsk iron ore. By 1946 this burden had been cut by 200,000 
tons, and the 1947 Plan was to lower it to 1,500,000 tons. The 1950 Plan 
provided for hauling only some 400,000 tons of ore from Magnitogorsk, 
which would have cut the freight load by 5,200,000,000 ton-kilometers. 
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To replace the richer Magnitogorsk ore, the 1946-1950 Plan called for 
an increase in the annual capacity and production of west Siberian ore 
by 2,000,000 tons. During those five years the production of local ore 
was reported to have increased almost two and one-half times.?$ 

The demand for transport services (to operate the Ural-Kuznetsk 
shuttle) was reduced not only by utilizing other coal and ore resources 
but also by developing local supplies of manganese. This development, 
which we have traced in Chapter 7, was facilitated in 1939 by a special 
penalty rate of 50 per cent on the transportation of manganese ore from 
the Ukraine and Transcaucasus to the Urals and western Siberia. 

Last, but by no means least, the Russians avoided further demands 
on the railroads by suspending construction of the combine when it was 
half complete. From 1936 through 1942 not one new blast furnace was 
built at either Kuznetsk or Magnitogorsk. To meet urgent wartime de- 
mands, Furnaces No. 5 and 6 were rushed to completion at Magnitogorsk 
in December of 1942 and 1943. The construction of Furnace No. 7 at 
Magnitogorsk was begun during the war and finished in 1946, but no 
new furnaces have been built at Kuznetsk since 1934. 

The creation of the Ural-Kuznetsk combine made necessary the in- 
vestment of vast sums in the improvement and expansion of the Siberian 
railroads. 'This investment had to be made in spite of the established 
Soviet policy of conserving capital for heavy industry by investing as 
little as possible in railroad construction.?? The railroad construction was 
necessary both to open up those substitute sources of supply mentioned 
above and to handle the heavy traffic on the regular Magnitogorsk- 
Kuznetsk shuttle. 

The first railroad line to tap the coal resources of Kazakhstan runs 
from Petropavlovka, on the main Siberian trunk line, 684 kilometers 
south to Karaganda. The first section, from Petropavlovka to Borovoe, 
was built in 1927 and was extended to Karaganda in 1931. The line im- 
mediately became almost exclusively a coal feeder for Magnitogorsk. Coal 
comprised 81 per cent of the total northbound freight carried during the 
first full year of operation. By joining the main line west of Omsk, the 
new feeder eased the congestion in the bottleneck between Omsk and 
Novosibirsk. The coal haul to Magnitogorsk from Karaganda via Petro- 
pavlovsk was 678 kilometers shorter than the haul from Kuznetsk to Mag- 
nitogorsk.?? 

But the baul from Karaganda to Magnitogorsk, although a big im- 
provement, was still 1,645 kilometers in length. So in 1939 the railroads 
began to build a short cut to Magnitogorsk, So5 kilometers between Ak- 
molinsk and Kartalv. It was to reduce the distance between Karaganda 
and Magnitogorsk to 1,154 kilometers, saving a total of 1,043 kilometers 
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compared to the run from the Kuzbass. The new line was rushed to com- 
pletion early in the Second World War. This stretch from Akmolinsk to 
Kartaly is the first section of the long-discussed South Siberian Railroad. 
In 1928 the "South-Sib" had been visualized primarily as a grain outlet 
for Siberia. "This project, unlike the super-trunk line of the Trans- 
Siberian, will not affect the Ural-Kuznetsk problem . . . this project is 
not a first rank one,” wrote A. A. Anson, before the realities of the Ural- 
Kuznetsk problem had become evident from actual experience! By the 
time of the Third Five Year Plan, however, the South Siberian line was 
thought of primarily as a new connection (about 2,000 kilometers long) 
between Magnitogorsk and the Kuzbass. 

Work is progressing on the western end of the South Siberian line 
to connect Magnitogorsk with the Volga region. When completed, this 
line will ease the load on the Cheliabinsk-Orsk section of the Urals' rail- 
road system. The Kartaly-Akmolinsk section, completed in 1943, is being 
extended through Pavlodar and Barnaul to Stalinsk to form a direct route 
to the Kuzbass. In the process, another substitute for Kuzbass coal will 
become available to the blast furnces of the Ural Mountains. Completion 
of the eastern end between Barnaul and Stalinsk, reported in April 1952, 
will permit shipments of coal, steel, and other products to pass back and 
forth from the Kuzbass and Central Asia without traveling over the 
crowded Trans-Siberian Railroad. At the same time the key line between 
Akmolinsk and Pavlodar was supposed to go into use on a makeshift 
basis. At Ekibastuz, along this section, lies what is purported to be the 
richest coal field in Kazakhstan.?? 

In connection with the problem of transporting coal, mention must 
be made of the short line which had to be built in 1929-30 to connect 
Magnitogorsk with the outside world by juncture with the Cheliabinsk- 
Orsk railroad. 

A railroad had to be built in order to exploit the local iron ores of 
the Kuzbass. In 1932, a line was built from the Stalinsk works south to 
Tel bess, and in 1938, as Tel'bess ore became exhausted, the railroad was 
extended to Kondoma, a total distance of about 180 kilometers. 

In order to shorten the main shuttle by 100 kilometers, and to ease 
the congestion on the Novosibirsk-Urgo section of the Trans-Siberian 
Railroad, a cut-off was constructed in 1933 or 1934 between Proektnaia 
(Leninsk-Kuznetsk) and Ob' (Novosibirsk). This permitted the post- 
ponement of double-tracking that section of the main line, but double- 
tracking of the Trans-Siberian line from Novosibirsk to Cheliabinsk was 
not put off. The section had been double-tracked between Omsk and 
Makushino by 1937 and on to Cheliabinsk by 1941. In 1946, the whole 
line from Novosibirsk west had double tracks.** 
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Conclusion 


The argument on the creation of the Ural-Kuznetsk combine turned 
on the question of whether or not the cost advantages to be had from 
the superior resources of the Urals and the Kuzbass were great enough 
to offset the tremendous transportation costs involved. In deciding to 
build the combine, the planners emphasized the strictly production econ- 
omies that would be attained by large-scale production based on high- 
grade raw materials. To give this decision the appearance of rationality, 
the freight rate for hauling the materials was set far below the usual 
rates, and this low rate was in turn rationalized by reference to the mar- 
ginal cost conditions on the railroad system of the area. Even in this 
short-run calculation, it appears that the planners overlooked significant 
diseconomies resulting from the long, overloaded freight trains moving 
one behind the other, which seriously blocked traffic. A more important 
miscalculation, however, was the preoccupation with short-run marginal 
costs and the failure to acknowledge the real long-run costs of the proj- 
ect. The rise in traffic eventually required considerable investments in 
new railroad lines and rolling stock, but the freight rate used was so 
low that it permitted none of this expense to be reflected in the costs 
of the combine. 

I do not intend to imply that the Kuznetsk and Magnitogorsk mills 
should never have been built. The growing demand of the economy for 
iron and steel necessitated expansion of the industry, even if the costs 
at the margin had been higher. But it does seem likely that a more honest 
and explicit cost accounting would have helped the Russians to have de- 
veloped the local resources for these mills sooner, and to have avoided 
the waste of transportation in the early years of the combine. Moreover, 
by frankly recognizing the necessary transport costs involved in develop- 
ing new regions, the Soviet authorities might have been emboldened to 
start earlier on a project which the logic of economic development will 
force them to adopt eventually: namely, the linking of the northern Urals 
iron ore deposits with Pechora coal deposits in the northeast corner of 
European Russia. Certainly it would have permitted them to avoid the 
public spectacle of abandoning the grandiose concept of the Magnito- 
gorsk-Kuznetsk shuttle and of having to revert to the concept of Admiral 
Kolchak’s engineer — a local steel mil! based on local coal and local iron 
ore. 


CHAPTER ] 9 ———— 


Considerations of Military Defense 
Affecting Location 


The importance of defense as a factor determining the rate of in- 
vestment in the Soviet iron and steel industry cannot be questioned (see 
Chapter 1). It is generally assumed that considerations of military de- 
fense played an equally important part in determining the location of 
Soviet heavy industry, whose keystone is iron and steel. This assumption 
is highly questionable. In any case, there is a conflict between the two 
aims of expanding heavy defense industry as rapidly as possible and of 
locating the industry in the regions most desirable strategically. In the 
long run, from both points of view it might be advisable for Soviet Rus- 
sia to build up iron, steel, and munitions capacity in the Urals and west- 
ern Siberia. But in the short run, if war is expected within five years, 
it becomes necessary to increase the output of munitions as quickly as 
possible in order to equip the armed forces and build up strategic stock- 
piles. It is much easier and quicker to increase munitions’ output in the 
existing centers of machine building than to build new plants in under- 
developed and distant regions. Should industrial capacity be protected 
from eventual enemy attack after hostilities have started, or should the 
armed forces be equipped as fully as possible to meet the initial attack? 
These are real alternatives. Which path did the Soviets actually travel? 

The impression that considerations of defense were critical in de- 
ciding to locate heavy industry in the Urals and Siberia is fostered by a 
flood of statements to that effect in the postwar Soviet press. Between the 
two world wars, the Soviet Union built iron and steel plants in the Urals 
and western Siberia whose production exceeded by 40 per cent the total 
production of tsarist Russia in 1913, and without which the successful 
defense against Hitler's army would have been inconceivable. In retro- 
spect, therefore, it is only natural to assume that the principal reason for 
building these plants was to put them beyond the reach of invading 
armies. The Soviet press regales us with statements typified by the fol- 
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lowing: "Is it not clear that we would have lost the war were it not for 
Kuznetsk basin and Urals industry? All this had to be foreseen. Stalin 
is great because he saw in peacetime what everyone clearly realized dur- 
ing the war. He saw this and he led the Soviet people forward on the 
difficult but only correct path.” ! 

The plethora of such boasts trumpeted since 1941 is matched by their 
paucity in the period of the twenties and thirties, when the decisions 
were being made about whether or not to build the eastern plants and 
how large they should be. It could be argued that the defense motive 
was overriding from the very beginning, but that for security reasons it 
was kept secret. The fact is, however, that Soviet writers occasionally 
mentioned defense as a reason for pushing the tempo of industrial de- 
velopment, and we have even found a few instances where defense was 
mentioned as a motive for location. Writing in 1934, one author deals 
first with what he considers the really important motives for location, 
and then includes defense along with several other considerations: “But 
beside these considerations we must consider the defensive role of the 
Ural-Kuznetsk combine, its role in the more equal distribution of heavy 
industry over the whole country and the rise of the economy of the 
formerly backward regions of the east and the use of their rich sources of 
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raw material and energy." ? 

By the spring of 1939, six months before Hitler attacked Poland, the 
speeches of the Eighteenth Party Congress were filled with alarms of 
war. Molotov urged completion of the conversion works at Komsomol'sk 
in the Far East in these ringing words: 


The districts in the eastern part of the USSR, primarily the Far East, and 
also the districts located in the country's interior, are in a class by themselves. 
They are singled out for special attention in the Third Five Year Plan. 

The example of the Far East makes it particularly obvious that unless we 
have a comprehensive development of the principal economic centers of the 
country we cannot safeguard our vital interests as a state . . . We regard the 
Far Eastern Territory as a mighty outpost of Soviet power in the East which 
must be strengthened in every way. [Thunderous applause.] 3 


Throughout this study we have continually checked the words of Soviet 
leaders by their actions. Does the statistical record of Soviet action sup- 
port their claim that they foresaw the direction of enemy attack and 
accordingly directed their resources for metallurgical and defense pro- 
duction into areas beyond the reach of the invader? 

Before we delve into the record, we might note parenthetically that 
Molotov’s excitement about the Far East did not result in much action. 
Construction at Komsomol'sk had already been dragging along for four 
years when he spoke in 1939, and it was not until February 1942, eight 
months after the German attack, that it produced its first open-hearth 
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TABLE 35 


PRODUCTION OF PIG IRON, STEEL INGOT, AND ROLLED METAL, BY REGION, 1913-1939 
a UM a UUM 
Pig iron Steel ingots Rolled metal 


Millions Percent Percent Percent Millions Percent Percent Percent Milions Percent Percent Percent 
of tons  ineast insouth incenter oftons  ineast insouth incenter oftons  ineast  insouth in center 


> 42 21.5 73.6 4.9 4.2 21.4 64.1 14.5 3.5 19.1 65.7 15.1 
0.3 46.2 37.5 16.3 0.6 34.6 35.2 30.2 0.5 39.7 30.7 29.7 
A 0.7 38.3 55.7 6.0 1.0 31.4 10.0 28.6 0.7 29.9 41.9 28.3 
M 13 28.2 68.4 3.4 1.9 31.1 46.4 22.5 14 30.9 46.2 22.9 
—! 2.2 22.4 75.8 1.8 2.9 26.6 54.3 19.0 2.2 26.8 55.1 18.1 
crea us ue 3.0 20.1 75.3 4.6 3.6 23.9 58.4 17.7 2.7 23.8 60.1 16.1 
EE 3.3 21.4 72.8 5.8 4.3 22.4 59.1 18.5 3.4 25.3 59.1 15.6 
4.0 20,7 71.6 7.6 4.9 23.0 59.0 17.9 3.9 24.6 59.7 15.7 
Ping ese 5.0 20.2 73.4 6.5 5.8 21.8 58.9 19.4 4.5 21.4 61.3 17.3 
Uis 4.9 18.8 73.5 7.6 5.6 19.6 59.0 21.5 4.2 18.5 61.7 19.7 
aoe 6.2 24.3 69.8 5.9 5.9 18.7 60.3 21.0 4.3 17.8 64.2 19.0 
PAM 7:1 28.3 65.7 6.0 6.9 22.0 55.9 22.1 4.9 21.0 59.5 19.2 
10.4 31.0 64.4 4.6 9.7 25.7 54.2 20.1 6.7 25.4 57.8 16.8 
; . 126 29.2 64.7 6.1 12.4 29.7 54.2 16.1 9.5 28.9 55.4 15.7 
5 . MA 27.6 64.6 7.8 16.2 29.6 54.6 15.8 12.5 30.6 54.4 15.0 
Veces MB 28.4 63.6 8.0 17.7 28.9 52.7 18.3 13.0 29.1 53.2 16.7 
Saale T " = 2 18.0 " m tá 13.2 28.0 53.1 18.9 

? 14.5 26.7 66.4 6.4 17.7 28.7 53.0 18.2 12.7 : T T 

a 


? Undetermined. 


Sources: The figures on absolute output, rounded to the nearest 100,000 tons, have been taken from the following sources. 1918: TsUNKhU, 
Sotsialisticheskoc stroitel’stvo SSSR (Moscow, 1936), pp. 29, 136. 1913-1927: Metall, 1928, no, 11-12, pp. 84-87. 1928-1934: Sots. stroi (1936), 
pp. 196, 137; Ia. A. Ioffe, compiler, L, Ia. Eventov, cd., SSSR i kapitalisticheskie strany (Moscow, 1939), p. 300. 1935—1936: Sots. stroi. (1936), 


n. 29; Sou, Met, 1937, no. 7, np. 14-15; 1. G. Gorelik, Metodika plantrovaniia chernoi metallurgit (Moscow, 1937), p. 57. 1937: Sots. stroi, (1939), 
pp. 56, 57. Gosplan SSSR, Itogi eypolncniia vtorogo piatiletncgo plana razvitiia narodnogo khoziaistva soiuza SSR (Moscow, 1989), pp. 82, 83; Plan. 
Khoz., 1999, no. 13, p. 85. 1938: Sots. stroi. (1939), p. 40. for pig iron and steel nnd total production. The figures for rolled metal were calcu- 
lated by adding together the statistics for the appropriate categories of products and arranging them according to regions, as found in L. P. Shulkin, com- 
piler, Potreblenie chernykh metallov v SSSR (Moscow-Leningrad, 1940), pp. 67-98. The totals check with other sources. 1939: M. A. Pavlov, Metallur- 
glia chuguna, chast 1 (Moscow-Leningrad, 1948), pp. 35, 41, gives the definite figures for pig iron for 1936-1940. 
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steel, Another decade passed and it still had not produced one ton of 
pig iron (see Chapter 11). 

First let us look at the record of steel production given in Table 35. 
There we see that the share of all three products, pig iron, steel, and 
rolled metal, produced in the east actually declined between 1936 and 
1939. The center and south lay directly in the path of the German 
invader, but their shares of iron and steel products increased during the 
three years before the Second World War. That should be enough to 
destroy the myth about Comrade Stalin's clairvoyant leadership in the 
choice of strategic location of steel production, but let us turn next to 
the record of blast-furnace construction, given in Appendix E. During 
the six years from 1935 through 1940, fifteen new blast furnaces came 
into operation in the Soviet Union. Thirteen of these fifteen were built 
in the west, squarely in the path of invasion. The other two were com- 
pleted at Novo-Tagil in the Urals during 1940 and had been called for 
in the original version of the Ural-Kuznetsk combine back in the 1920's, 
long before Hitler had come to power in Germany. In the first six months 
of 1941 three furnaces were completed, two small ones in eastern Siberia, 
which apparently have not operated properly since their completion, and 
one big furnace in the Ukraine. The last-mentioned was probably the 
largest in the world (1,300 cubic meters) and was completed just in 
time to be turned over to the Germans. From the viewpoint of strategic 
location this record of blast-furnace construction is a series of egregious 
blunders that could scarcely have been more catastrophic to the Soviet 
economy if they had been designed by the German General Staff. 

Because of the limited prewar scrap consumption, blast-furnace con- 
struction also determined the basic locational pattern of Soviet steel 
making, so that a consideration of the location of steel capacity is irrele- 
vant to the point at issue. However, it will be interesting to consider the 
location of production facilities for the special products that were so 
rapidly expanded during the 1930's— pipe mills, ferroalloy smelting 
works, and quality rolled steel facilities. Were these new plants and 
facilities located with strategic considerations uppermost in the minds 
of their planners? 

In Chapter 1 we have described the rapid expansion of rolled pipe 
production from 130,000 tons in 1913 to 230,000 in 1930 and to 940,000 
tons in 1940. This achievement involved the construction of six new 
pipe works during the thirties, of which five were built in the west. 
Consequently, at the outbreak of the Second World War the overwhelm- 
ing share of the pipe came from the western regions of the south and 
center. The only pipe-making facilities in the east were located near 
Sverdlovsk, and they could produce nothing but small-diameter pipe. 
This placed the eastern defense economy at a serious disadvantage and 
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forced the eastern pipe production to expand 440 per cent during the 
war. 

Comrade Stalin, therefore, could not take credit for foresighted loca- 
tion of pipe plants. What about quality steel? We have shown in Chapter 
1 that on this count the Soviet record was better. While they expanded 
quality steel production in the Moscow-Leningrad area on the smelting 
of scrap, and at Zaporozh'e using hydroelectric power, the poor quality 
of Donbass coke precluded the manufacture of much quality steel in the 
Ukraine. Therefore the old charcoal works in the Urals were converted 
to the manufacture of quality steel. On the other hand, total production 
of charcoal pig iron fell off sharply during the thirties. 

The ferroalloy industry we have also shown to be a postrevolutionary 
creation. In this, as in almost every other aspect of the development of 
Soviet ferrous metallurgy, economic advantage took precedence over 
strategic considerations. Practically all of the blast-furnace production 
of ferroalloys was concentrated in the vulnerable arcas of the south and 
center, where 95 per cent of the tonnage was produced in 1938. Only 
3 per cent was produced behind the Urals. The development of electric 
smelting of ferroalloys was not quite so lopsided. The Soviets did build 
one good-sized works at Cheliabinsk and some specialized production 
facilities at Chusovoi in the Urals, but Russia's first and biggest plants 
were at Zaporozh'e and Zestafoni, close to her western and southern 
borders. The German invasion quickly placed the Soviet ferroalloy in- 
dustry in desperate straits. How the industry extricated itself has been 
described in Chapter 1. 

By analyzing the regional consumption of structural steel in 1938, 
we have a precise measure of construction activity during the last year 
before the outbreak of the war in Europe. The two industries in which 
we are most interested are the iron and steel industry and the munitions 
industry. As we have said in Chapter 3, the iron and steel industry's 
building program in 1938 was small, consuming only 6 per cent of the 
nation's structural steel. In what regions did it erect this structural steel? 
Leningrad and the northwestern areas got very little, less than 1 per cent; 
the central region got 8 per cent; and the south received the lion's share, 
57 per cent. The lower Volga and Transcaucasia together received 2 per 
cent. Adding up the shares of these vulnerable western areas, we find that 
they consumed 66 per cent of the USSR total, compared to 35 per cent 
allotted to all the areas "behind the Urals." 

Similar data for the munitions industry are even more instructive. 
In Chapter 1 we showed that this industry, masquerading under the 
title of “Miscellaneous machine building,” was given 95 per cent of all 
the structural steel allocated to all types of machine building. In other 
words, by 1938 "Miscellaneous machine-building" plants were getting so 
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much of the available steel that construction virtually ceased in heavy 
machinery, machine tools, automobiles and trucks, tractors and farm 
machinery, electrical machinery, railroad equipment, shipbuilding, and 
so forth. What was the location of the munitions industry that was con- 
suming all that structural steel? As we have suspected all along, the 
munitions plants were erected in the existing centers of machinery manu- 
facture. Twenty-one per cent of the structural steel went to the Leningrad 
area and the western oblasts, 35 per cent to the central region around 
Moscow, 17 per cent to the soutb, and 6 per cent to the lower and 
middle Volga. All told, the exposed western regions were building the 
impressive share of 79 per cent of the munitions-making facilities. Only 
5 per cent of the steel went to the Urals, 6 per cent to Siberia, and 10 
per cent to the Far East.‘ Thus a total of only 21 per cent of the steel 
used to build munitions plants went to the eastern regions, and four- 
fifths of the arms factories were being built in the vulnerable west. The 
short-run necessity to turn out munitions as quickly as possible appar- 
ently outweighed the strategic advantage of building the plants in un- 
developed and distant regions out of reach of potential enemies. 

Our analysis is supported by no less an authority than I. T. Tevosian, 
Minister of Iron and Steel, who told the Supreme Soviet of the USSR 
in 1946 that before the war the entire output of armor plate was manu- 
factured exclusively in the southern and northwestern (Leningrad) 
regions of the USSR. A few weeks after Hitler attacked, Tevosian's 
ministry had the tremendous job of evacuating the armor-plate rolling 
mills and setting them up again in the Urals.5 

Stalin's crystal ball must have clouded up when he was deciding 
where to build his steel and defense plants in the seven to ten years 
preceding the German attack, because his "difficult but only correct 
path" led straight into the embrace of the Wehrmacht. In five months 
after they attacked, the enemy had overrun 68 per cent of Russia's pig 
iron capacity and 58 per cent of her steel capacity." After the German 
army’s quick occupation of the industrial heartland, all Soviet economic 
activity was perforce "strategically" located. We have already described 
the record of wartime construction beyond the Volga. Once the occupied 
areas had been liberated, the feverish wartime building in the east was 
discontinued and the overwhelming share of investment was directed 
toward reconstruction. We shall subsequently show that during the 
Fourth Five Year Plan (1946-1950) little was accomplished in the east 
and the outlying regions. 

In other words, there is almost nothing in the record to indicate that 
the location of the Soviet iron and steel industry has been motivated by 
considerations of military strategy.? 


CHAPTER | 4 —— 


The Resulting Locational Pattern 


Now that the principal factors affecting location have been enu- 
merated, and in part evaluated, we come to the question of what loca- 
tional pattern of the Soviet iron and stee] industry has actually resulted. 
How do the facts tally with the claims of the socialist planners and with 
the impressions shared by outside observers? 


Claims and Impressions 


Soviet writers, when discussing industrial location, customarily make 
much of the proposition that their own principles of location differ 
radically from the principles that governed in tsarist Russia and that 
govern in capitalist countries outside the USSR. It is natural to expect, 
therefore, that in the process of manifold expansion the locational pat- 
tern of the Soviet steel industry would change considerably from the 
pattern existing in 1913. Both Soviet and foreign writers put particular 
stress on the eastward shift that is supposed to have occurred between 
the two World Wars. This impression is fostered by the continual talk 
about the creation of plants in regions where little or no iron and steel 
was produced before the revolution — in the Transcaucdsus, Kazakh- 
stan, Central Asia, western Siberia, Trans-Baikal, and the Far East. The 
fact that only one of these plants actually began operations before the 
Second World War is less widely recognized. 

In order to dramatize these shifts, the Russians divide their country 
into three basic regions: the east, the south, and the center. Wide pub- 
licity is given to statistics of iron and steel production arranged accord- 
ing to these regions. The east comprises the Urals, Central Asia, Siberia, 
and the Far East; the south includes the Ukraine, the Crimea, and the 
Caucasus; and the center is made up of the rest of the country, mainly 
the Volga-Moscow-Leningrad area. More precisely, the center, until 
1940, included the Karelian ASSR; the Leningrad, Kalinin, Western, 
Moscow, Ivanov, and Voronezh oblasts; and the Gorkii, Kirov, Saratov, 
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and Stalingrad regions (krai). By a judicious choice of years for com- 
parison, such as 1930 and 1936, the impression can be created of a 
rather substantial shift in location. When the time series is examined 
as a consecutive whole, however, a relatively stable locational pattern is 


revealed. 


The Interwar Period 

This stability in locational pattern becomes remarkable when one 
considers the manifold increase in absolute output during the period 
under consideration. Setting 1913 — 100, we see that output increased 
as follows (see Table 1): 


Pig iron Steel Rolled metal 
1839. llisnesee x iS 101 97 
1930, E AT E 342 382 355 
19430............, 358 435 376 


The rate of increase was particularly large from 1928 to 1936. New 
aggregates in the latter year won a dominant place in the industry, pro- 
ducing about 65 per cent of the pig iron, 50 per cent of the steel and 
40 per cent of the rolled metal.! In spite of their dominance, the new 
plants changed the locational pattern very little. 

Table 35 shows the changing location pattern of the industry during 
the period from 1913 to 1939. In spite of over-all increases in the neigh- 
borhood of 400 per cent, the share of the eastern region rose from about 
20 per cent to 27 per cent. This slight gain came entirely at the expense 
of the south, which fell about 10 points. The center, on the other hand, 
gained from 2 to 4 points. Each of the three major products listed in the 
table shows significant differences in locational patterns. Pig iron pro- 
duction shifted least of all. In the twenty-six years from 1913 to 1939 
the central region gained, with the help of new plants at Tula and 
Lipetsk, less than 2 per cent of the nation's total production, starting 
with 4.9 and ending with 6.4 per cent. The south dropped seven points, 
but poured from its blast furnaces in 1939 two-thirds of the nation's pig 
iron. Starting with 21.5 per cent in 1913, the east in 1939 still turned out 
only 26.7 per cent of the national total. The east gained a bit more of 
the steel-ingot production, increasing its share from 21.4 to 28.7 per cent 
from 1913 to 1939. But the actual increase of the oldest region, the cen- 
ter, was close behind, increasing from 14.5 to 18.2 per cent. The same 
shifting occurred in rolled-steel production, but to a somewhat greater 
degree. Here the rise in the share of the east from 19 to 28 per cent is 
quite noticeable. 

If one compares 1928, the last year before the inauguration of the 
First Five Year Plan, with 1938 and 1939, the locational pattern is in 
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every case even more stable. This is all the more remarkable because it 
was not until after 1928 that the new plants were built. Furthermore, 
the rise in total output from 1928 to 1939 was even greater than during 
the longer period beginning in 1913. One other significant development 
has been discussed previously. During the immediate prewar years 1936- 
1939, the east was losing ground in all three products to both of the 
other two regions. 

Jf these broad regions are subdivided, some other interesting conclu- 
sions emerge. In the first place, in spite of Magnitogorsk, the Urals 
actually lost in terms of relative shares. In 1931 the Urals, for practical 
purposes, was the sole producer in the east, turning out 21.5 per cent 
of the pig iron and 21.4 per cent of the nation's steel. By 1939 the share 
of the Urals had fallen to 16.4 per cent of the pig iron and 18.6 per cent 
of the steel. The net rise of the eastern regions was attributable solely 
to the creation of the Kuznetsk works, which turned out 10.3 per cent of 
the nation's pig iron and 10.0 per cent of the steel ingots in 1939. In 
the production of rolled metal the Urals managed to hold their own, 
turning out 19 per cent in both 1913 and 1938. Kuznetsk in the latter 
year rolled 8.2 per cent of the nation's steel, to bring the share of the 
east up to 28 per cent.? 


Since 1939 


The real shift in the location of Soviet iron and steel production 
occurred not during the two decades of peaceful development, but after 
the outbreak of the Second World War. First let us examine the shift 
between 1939 and 1940. Because most of our information about subse- 
quent production is keyed to production in 1940, we have reconstructed 
in Table 36 the regional production pattern for iron and steel in that 
year. This table gives us the basis for subsequent calculations, but be- 
fore we can use it to compare with 1939, an important change in the 
coverage of regional statistics must be taken into account. The data 
given in Table 35 refer to the entire production of iron and steel in the 
USSR, including output for both the Ministry of Iron and Steel and the 
machinery or defense plants with their own iron and steel-making facili- 
ties, known as malaia metallurgiia. (For the relationships among these 
organizations and their relative importance see Appendix A.) Figures for 
1940 and subsequent years either explicitly — or implicitly — refer only 
to the Ministry (or Commissariat). Because the overwhelming share of 
the output is turned out by the Ministry, this distinction makes little or 
no difference for most purposes, but for regional comparison of the two 
years in which the shift was made the distinction is significant. 

Comparison of Tables 35 and 36 indicates that the proportion of ingot 
steel produced in the east jumped from 28.7 per cent in 1939 to 34 per 
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TABLE 36 
PIG IRON AND STEEL OUTPUT, BY REGION, 1940 
Pig iron Steel 

Million Per cent Million Per cent 

tons of USSR tons of USSR 
Total USSR........... 14.902 (a) 100.0 18.3 (a) 100.0 
Jkrüinie. i-es 9.183 (b) 61.6 8.6 (b) 47.0 
RSFSR............. 5.719 (e) 38.4 9.7 (e) 53.0 
Totaleast............. 4276 (d) 28.7 6.2 (j) 33.9 
Kuznetsk.......... 1.470 (d) 8.9 1.8 (k) 9.8 
Urals.. es ... 2.806 (f) 18.8 t4 (f) 2.4 
Total west............ 10.626 (g) 71.3 12.1 (j) 66.1 
South and southeast.. 10.133 (h) 70.0 10.6 (1) 57.9 
Ukraine 9.183 (b) 61.6 S.6 (b) 47.0 
RSFSR -950 (i) 6.4 2.0 (i) 10.9 
493 3.3 1.5 82 
493 (i) 3.3 — zm 
— = 1.5 (m) 8.2 


Unoccupied. 


Sources: (a) See Appendix F. (b) Bol'shaia sovetskaia cntsiklopcdiia, Vol. 55, p. 803. (c) 
Figures obtained by subtraction, since all Soviet blast furnaces and stvel plants were in cither 
the Ukraine or the RSRSR. Sce Tu S. E. Kamenitser and M. S. Urinson, Rossiiskaia ferlcratsiia 
v novoi piatilctke (Moscow, 1947), p. 29. (d) S. A. Beliunov, ct. al., Planirovanic na zhclczno- 
dorozhnom transporte (Moscow, 1948), Part I, p. 66, gives eastern output ns 28.7 per cent of 
total in 1940. (e) In 1989 Kuznctsk turned out 10.3 per cent of the 14,519,000 tons, or 1,500,- 
000 tons of pig iron There was no change in the capacity of its blast furnaces in 1939 
or 1940, but the blast-furnace coefficient dropped from 0.95 in 1939 to 0.98 in the second 
half of 1940. Therefore, it is safe to nssume that the 1940 output was about 1,470,000 tons. See 
Stal’, 1947, no. 9, p. 791, nnd Trud, January 11, 1949. (f) By subtraction. The production at 
Petrovsk-Zabaikal'skii was only about 14,000 tons. (g) See source (b) where the share of the 
west is implied to be 71.3 per cent of total. In Plan. Khoz., 1947, no. 5, p. 38, and Stal’, 1947, 
no. 3, p. 195, it is given as 71 per cent rounded to the nearest per cent. (h) Pravda, Decem- 
ber 81, 1948 gives this output as 68 per cent of the total. (i) By subtraction. In 1940 there 
occurred some confusing changes in the two westem divisions. In stecl production there was 
created a new aren called "southeast," which transferred the Stalingrad area to the south from 
the center (see 1941 Plan, p. 662). At the same time it appears that the Lipetsk plants, pro- 
ducing pig iron, were also shifted to the south, accounting for the drop from 1989 in the 
pig iron output of the "center." (j) 1. P. Bardin and N. P. Bannyi, Chernaia mctallurgiia o novoi 
piatiletke (Moscow-Leningrad, 1947), p. 26, say that the share of the east was 34 per cent. 
(k) In 1939 the Kuznetsk share was 10,0 per cent, or 1.77 million tons. Assuming that this 
share stayed approximately the same in 1940, output was 1.8 million tons. (1) 58 per cent of 
total, Pravda, December 31, 1948. This result is consistent with the statement in Bol'shevik, 
no. 21, that the devastated areas in 1940 produced 10 million tons of steel and 11 million tons 
of pig iron. (m) By subtraction. The central plants captured or immobilized by the Germans 
(at Tula and Lipetsk) praduced pig iron, whereas the Moscow-Leningrad area produced only 


steel, and escaped occupation. 


cent in 1940. Since total production increased only 600,000 tons in 1940, 
such an increase in the share of the east would imply not only that the 
entire tonnage increase had taken place in the east but also that the 
western plants had reduced their output by about 700,000 tons. The mys- 
tery is solved when we recall that most of the machinery plants with 
steel-making facilities are located in the west, particularly in the Mos- 
cow-Leningrad area. This explains part of the anomalous "drop" in steel 
production of the center from 3,200,000 tons in 1939 to 1,400,000 tons 
in 1940.3 How much distortion is involved can be seen in the 1941 Plan 
(pp. 18, 662), which explicitly includes malaia metallurgiia in its re- 
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gional breakdowns. There the steel production in the central region, as 
defined in 1939, comes to 4,100,000 tons, which is consistent with 3,200,- 
ooo in 1939, but not with a figure of 1,400,000 for 1940. The 1941 Plan 
calls for the production of 7,289,600 tons, or 32.5 per cent of the total, 
in the east. When we compare this with the 28.7 per cent of 1939, we 
conclude that 30 or 31 per cent is probably a more accurate figure than 
34 per cent for use in comparing the output of steel in the east in 1940 
with preceding years. 

This change in definition has much less effect on the comparability 
of 1939 and 1940 regional statistics of pig iron production, because only 
one or two machinery plants produced pig iron in 1940 and their produc- 
tion is even less today. Nonetheless, the 1941 Plan called for 380,000 
tons of pig iron to be produced by an unnamed “miscellaneous” com- 
missariat. The omission of this capacity from the 1940 categories ex- 
plains the apparent drop in the pig iron production of the center from 
900,000 to 500,000 tons. The 1941 Plan calls for only 28.6 per cent of the 
pig iron to be produced in the east, which is just a slightly larger share 
than was produced there in 1939, and leads us to believe that the 
apparent shift eastward in 1940 is mostly a statistical illusion. 

In any case, there is no question about what happened as the Ger- 
man army proceeded to obliterate the industry of both the south and 
the center. The long-heralded “eastward shift” became a reality, with a 
vengeance. Because all of the western blast furnaces were located in the 
region between Tula (south of Moscow) and the Black Sea, pig iron 
production in the west was completely wiped out during 1942. In other 
words, the share of the east had risen from 29 per cent in 1940 to 100 
per cent in 1942. With the west out of commission, production of pig 
iron in the east rose slightly from 4,300,000 tons in 1940 to 4,800,000 in 
1942. The only blast furnace completed in the Soviet Union during 1942 
was Number 5 at Magnitogorsk, blown in during December (see Ap- 
pendix E). Its brilliant performance helped to expand eastern output 
by 800,000 tons during 1943. The following three years witnessed the 
completion of seven new blast furnaces, so that by the end of the war 
in 1945 the output of the Urals had doubled, from 2,800,000 in 1940 to 
5,500,000 tons in 1945. This more than offset the slight drop in Kuznetsk 
output caused by difficulties in its supply of iron ore. (See Table 37.) 

Steel-ingot production in the west was not completely eliminated; the 
plants in Moscow and Leningrad continued to operate even during the 
darkest days of the war. Although the heart of Soviet production was 
cut out by the occupation of the south, the eastern plants made up some 
of the loss. Between 1940 and 1945 steel production at Kuznetsk in- 
creased about 700,000 tons and in the Urals by almost 3,000,000 (see 
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TABLE 37 
SOVIET PIG IRON OUTPUT, BY REGIONS, 1940-1950 
(million tons) 


Total Total Total Kuznetsk 

USSR (a) west cast plant Urals 
E E EQ 10.6 (b) 4.3 (b) 1.5 (b) 2.8 (b) 
1941 (Plan)..... 18.0 12.9 (c) 5.1 (c) i e 
1942..... kasam BS 0.0 4.8 (d) = * 
1943 . 56 0.0 5.6 (d) a * 
1944... ess cd 1.1 (h) 6.3 (g) " . 
1945. Me GU 2.1 (h) 6.8 (g) 1.3 (f) 5.5 (g) 
1946. .. 10.0 3.1 (h) 6.9 (g) * 
1947. 2s dg 4.3 (h) 7.0 (g) 1.5 (D 5.5 (g) 
1948. .. 139 5.9 (h) 8.0 (g) 1.6 (D 6:4 (g) 
1919..... .. 16.5 7.8 (h) 8.7 (h) 1.6 (f) 7.1 (h) 
1950 (Plan) . 19.5 10.9 8.6 (g) 1.5 (f) 7.1 (g) 
1950 .. 193 10.2 (h) 9.1 (g) LS (f) 7.3 (g) 


© Not available. 
Sources: (a) See Table I. (b) See Table 38. (c) Sec 19-41 Plan, p. 661. (d) All western 


blast furnaces were out of operation during 1942 and their production in 1943 was negligible 
(see Appendix F). (f) Kuznetsk output for these years is figured from the following informa- 
tion: output in 1950 Plan was 104.2 per cent of that of 1945 (Krasnyi Flot, October 20, 1946); 
1950 output was 140.2 per cent of that of 1945 (Pravda, April 3, 1952); 1949 output was 
109.5 per cent of the amounl projected in the 1950 Plan (Trud, December 31, 1950); 1950 
output was 119.2 per cent of that year's goal in the Fourth Five Year Plan (Pravda, August 2, 
1951); for 1947 and 1948 (6% increase) see Trud, December 31, 1948, and Pravda, March 5, 
1949; 1950 outpul was 1.2 times that of 1940 (Pravda, April 17, 1951). These results are 
confirmed by the announced changes in the productivity and capacity of the blast furnaces. In 
1945 the coefficient averaged 0.80; in the 1947 Plan, 1.08; in 1948, 1.0; and in the first half 
of 1951, 0.84. This lowered productivity of 1946—47 was counterbalanced by increasing the 
capacity of the two smaller blast furnaces by 47 per cent cach. See Stal’, 1947, no. 5, p. 387; 
no. 8, p. 676; no. 9, p. 791; Trud, January 11, 1949; Pravda, August 2, October 31, 1951. 
(£g) Eastern output (in per cent of 1940 output) is given for 1944 (146 per cent) in May 15. 
1950; N. Voznesenskii, Vocnnaia ckonomika SSSR v period otcchestvennoi voiny (Moscow, 
1948), p. 80; for 1945 (158 per ceni) in Pravda, May 15, 1950; for 1946 in Pravda, May 11, 
1951; for 1947 (163 per cent) in Trud, July 30, 1948 and Voprosy Ekonomiki, 1948, no. 6, 
p. 78; and for 1950 in Pravda, April 17, 1951. The amount in the 1950 Plan is given by 
S. A. Beliunov, ef al., Planirovanic na zhcleznodoroshnom transporte (Moscow, 1948), p. 66, 
as 43.9 per cent of the total USSR production. Another source states that this represents 200 per 
cent of the 1940 production. Both figures check at 8.56 million tons. The series checks with the 
statement that 1950 production in the Urals was 2.6 times that of 1940 (Plan. Khoz., 1959, 
no. 4, p. 47). (h) The figures for the west (1944-1950) are residual, The method of preparing 
this table concentrates the error which comes from rounding percentages and other figures in these 
six figures for the west. Nonetheless they are remarkably consistent with an independent series of 
annual percentage increases. In 1946 output in the west increased by 59 per cent and iu 1947 by 
80 per cent (Pravda, July 1, 1948), and in 1948 by 41 per cent (S. Gurevich and S. Partigul, 
Novyi pod’cm narodnogo khoziaistva SSSR v poslevocnnoi piatilctke, Moscow, 1949, p. 29). Em- 
boldened by this success, we have applied the percentage increase of the Ukraine for 1949 (33 per 
cent) to the figure for the west and get 7.8 million tons for 1949. This procedure is consistent 
with a Ukrainian increase of 30 per cent for 1950 (Pravda, February 1, 1951). Study of this 
table shows that it is internally consistent, which is remarkable considering the very large number 
of sources from which it is drawn. 


Table 38). This increase was made possible by the installation of 29 
open-hearth furnaces and two Bessemer converters, in addition to 24 
open-hearth furnaces set up in the unoccupied plants of the center.‘ 

By the end of 1943 the Germans had been swept out of the western 
iron and steel regions, and reconstruction began immediately. Western 
pig iron production rose out of the ashes and increased a million tons 
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TABLE 38 


SOVIET STEEL OUTPUT, BY REGION, 1940-1950 
(million tons) 


Total Total Total Kuznetsk 
USSR (a) west enst plant Urals 
10: eren 12.1 (b) 6.2 (b) 1.8 (b) 44 (f) 
15.1 (e) T3 (c) i ‘ 
* (e) * (e) * + 
1.7 (i) 8.9 (g) be + 
2.6 (i) 9.7 (g) 2.5 (D) 72 (g) 
x 2.6 (f) E 
947. . 4.2 (i) 10.4 (g) * * 
1948 6.6 (i) 12.0 (g) * d 
1950 (Plan)... . 12.4 (i) 13.0 (g) 2.7 (f) 10.3 (f) 
[0505 ia ciai ents 12.3 (i) 15.0 (h) 3.1 (f) 11.9 (h) 


* Not available. 

Sources: (a) See Appendix F. (b) See Table 36. (c) 1941 Plan, p. 662. (e) Eastern out- 
put is given for 1943 only in terms of common steel (S. Gurevich and S. Partigul, Nooyi pod'em 
narodnogo khoxiaistua SSSR v poslevoennoi piatiletke, Moscow, 1949, p. 29), as 37 per cent 
over 1940. Because of the wartime increase in the share of qualily steel, this puts the eastern 
output (in terms of ordinary siecl) at 8.5 million tons, which is equal to the total USSR pro- 
duclion that year in lerms of "natural" tonnage. In other words, the conversion to "ordinary" 
units inflates the "natural" tonnage figure by the amount of production in the Moscow-Leningrad 
nrca. (f) Steel output al Kuznetsk in 1945 was reported to be 40 per cent over that of 1940 
(Pravda, May 11, 1951). This is confirmed by the report (Pravda, July 25 and 27, 1945) that 
output was then running 500,000 tans over prewar output. Kuznetsk output in 1950 was 1.7 
times that of 1940 (Pravda, April 17, 1951), 125.4 per cent of 1946 (Pravda, April 3, 1952), 
and 116.6 per cent of the 1950 Plan in the Fourth Five Year Plan. (g) Output in the cast in 
1944 was 144 per cent of that of 1940 (N. Voznesenskii, Vocnnaia ckonomika SSSR v period 
otechestvennoi voiny, Moscow, 1948, p. 80); in 1945, 156 per cent of that of 1940 (Mirovoc 
Khoziaistvo, 1947, no. 3); and in 1947, 168 per cent of that of 1940 (Trad, July 30, 1948 and 
Voprosy Ekonomiki, 1948, no. 6, p. 78). The share of the cast in the 1950 Plan was 51 per 
cent (I. P. Bardin and N. P. Bannyi, Chernaia metallurgiia v novoi p'atiletke, Moscow-Leningrad, 
1947, p. 26), which checks exactly with the statement that the 1950 Plan called for 210 per 
cent of the 1940 output. (h) Urals” output in 1950 was 2.7 times that of 1940 (Pravda, April 
17, 1951). (i) By subtraction. 


each year, until by 1947 it had reached 4,300,000 tons. From 1948 on, the 
rate of growth increased: to 1,600,000 in 1948, to 1,900,000 in 1949, and 
to 2,400,000 tons in 1950. In spite of this creditable showing, the west 
failed to meet its 1950 goals, falling short by about 700,000 tons of pig 
iron. Part of this failure may be attributed to the difficult goal set for 
the west, a goal which was above its achievement in 1940; but the chief 
blame was attributed by the authorities to the shortcomings of the 
Ukraine, which failed to maintain the high pace set at the end of 1949 
and permitted metal production to drop in the first quarter of 1950.* 
The east, on the other hand, overfulfilled the goals set for it in the 
Fourth Five Year Plan. The years 1946 and 1947 showed very little 
growth, but eastern production rose 1,000,000 tons in 1948, 700,000 in 
1949, and 400,000 in 1950, which carried it beyond the 1950 goal by 500- 
ooo tons and almost made up the shortcomings of the south. In the 
southern Urals, Magnitogorsk led the way with a 32 per cent increase 
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in the productivity of her seven giant blast furnaces. The other two big 
plants in the Urals, at Cheliabinsk and Novo-Tagil, exhibited notable 
progress in learning how to handle their big, new furnaces. Novo-Tagil 
reached the level of production planned for 1950 as early as the second 
quarter of 1949. The nineteen small charcoal-coke plants of Glavuralmet 
produced more pig iron in 1948 than was called for in 1950, and 2.3 
times as much pig iron as they had in 1940. From 1947 to 1948 (11 
months) their average blast-furnace coefficient improved from 1.39 to 
1.18, and as a result the output of pig iron in that Chief Administration 
increased 16.7 per cent in one year alone. By 1950 the annual average 
coefficient for Glavuralmet had reached 0.98, which represents the re- 
markable improvement of 42 per cent in four years. Behind the facade 
of these impersonal statistics was a relentless campaign of “socialist com- 
petition” that transformed the slow pace of operations in these ancient 
establishments. As a result, the eastern share of pig iron output exceeded 
the planned share and in 1950 attained 47 per cent of the Soviet total. 

As we would expect in view of the simpler investment and supply 
problems, steel output in the west recovered more completely than pig 
iron. By 1950 western steel production exceeded the prewar level and 
fell just short of the Five Year Plan goal. Western output was almost 
doubled in a two-year spurt during 1949 and 1950. As in the case of 
pig iron, the Ukraine was to blame for the failure to reach the ambitious 
goals of 1950, falling short in all three categories — pig iron, steel, and 
rolled metal." 

By greater utilization of scrap in its open-hearths, Kuznetsk was able 
to free its steel production from the iron ore and coke limitations that 
held back its pig iron production, making a substantial contribution to 
the rising steel output of the east. It was the Urals, however, that stood 
out in overfulfilling the goals of the Five Year Plan. Between 1945 and 
1950 Urals steel output jumped from 7.2 to 11.9 million tons. Between 
1948 and 1950, eastern output rose by 3 million tons, 2 million above its 
Fourth Five Year Plan goal. Instead of producing 51 per cent of the na- 
tion's steel in 1950, the east turned out 55 per cent.? 

In the following pages it will be shown that the continued increase in 
pig iron output accruing to the eastern regions after the Second World 
War was not the result of building many new blast furnaces but of sharp 
increases in the productivity of existing aggregates. The even greater 
postwar increases in eastern steel output were the result of higher fur- 
nace productivity, the expansion of open-hearth capacity in existing 
plants, and greater utilization of scrap in the furnace charge, which is 
reflected in widening the spread between the output of pig iron and 
steel. The "eastward movement" in terms of capital construction and 
destruction thus occurred mostly during the Second World War. The 
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hammer blows of the German army forged a new locational pattern for 
the Soviet iron and steel industry; but the more one studies the location 
of this industry in peacetime, the less one is impressed by Soviet claims 
that socialist economic principles and problems are so different from 
their "bourgeois" counterparts. 


Pait Four 


PRODUCTIVITY 


CHAPTER ] 5 ——— 


The Productivity of Iron and Steel Furnaces 


Since the beginning of the Second World War, the question of 
productivity and its rate of change has assumed paramount importance 
in American industrial and economic circles. Americans naturally think 
first of the productivity of labor. The overwhelming share of our atten- 
tion is directed to the study of output per man-hour, per man-day, or 
per man-year. An even greater public interest has been aroused in the 
Soviet Union about questions of productivity since the beginning of the 
First Five Year Plan. The Russians, however, think first and foremost 
about the productivity of capital equipment. They are also concerned 
with the productivity of labor, but their heaviest pressures and biggest 
rewards are reserved for increasing productivity of capital equipment. 
This emphasis can be seen with regard to the production of iron and 
steel. It is a major research project to dig out of Soviet publications 
unambiguous figures about the production of iron and steel per worker. 
On the other hand, scarcely a day goes by that one of the big three daily 
papers, Pravda, Izvestiia, or Trud, does not publish precise data on the 
productivity of blast or open-hearth furnaces in terms of output per unit 
of capacity. 

A moment's reflection explains this difference in emphasis between 
the United States and Soviet Russia. As every economist knows, the most 
efficient combination of resources depends upon the relative supply of 
the factors of production. Compared to the United States the Soviet 
Union has a large supply of labor and a small supply of capital. There- 
fore any attempt on the part of the Russians to raise labor productivity 
to the level of our own would be utterly irrational. Instead, one would 
expect the Soviets to devote their primary energies to maximizing the 
productivity of capital, not labor, and this is exactly what they have 
done. The productivity of Soviet blast furnaces and open-hearth furnaces 
is higher than our own, but the productivity of these same furnaces per 
worker is much less. In the United States, with our tremendous endow- 
ment of capital equipment, we place great emphasis on labor-saving de- 
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vices, in a continual effort to raise output per man, and we are in danger 
of thinking that other countries put a similar emphasis on labor produc- 
tivity. In relatively nonindustrialized countries, such as the Soviet Union 
and the countries of southern and eastern Europe, the primary drive is 
to squeeze all possible production out of their limited supplies of capital. 
Their success in meeting production goals depends, in the first instance, 
on their efforts to maximize the productivity of capital equipment, 

In this chapter we shall first explain the main factors determining the 
productivity of blast and open-hearth furnaces and define the indexes 
used by the Soviets to measure it. Then we shall describe and analyze 
the changes in productivity since 1628, finding in them the key to several 
important recent developments.' 


Definitions and. Factors Determining Blast-Furnace Productivity 


The Russians have a special terminology for indicating the time that 
a blast furnace is in operation. Calendar time is the total possible operat- 
ing time, i.e., the period of a calendar year is 365 days. Subtracting from 
calendar time the cold down time, when the furnace is shut down 
completely and emptied of its contents or is "banked" for lack of raw 
materials, gives nominal operating time. On several occasions in between 
major repairs, it is necessary to shut of the blast for short periods to 
make minor repairs, such as shifting tuyéres, condensers, or other fittings, 
and small repairs to the loading apparatus or hearth. The period re- 
quired for these jobs is called hot down time (tekushchie prostoi). The 
rest of the time the furnace is operating under blast is called actual 
time; it is made up of periods under full blast and reduced blast. The 
latter is any time when the furnace operates with less than 65 per cent 
of the normal full blast, measured in cubic meters of air per minute. 

In 1933 the all-Union average (in days) for these various times was 
as follows: actual time, 316.9; hot down time, 21.2; cold down time, 26.9. 
This performance has, of course, been improved. By 1949 the hot down 
time on the majority of the mechanized furnaces had been reduced to an 
average of four to six days and on the best ones to three days.? 

The blast-furnace campaign is the period of time it operates between 
major repairs. One of the big eastern furnaces operated from September 
1934 to September 1944, turning out 4,382,000 tons of pig iron, in one 
campaign. Blast Furnace No. 1 at Kuznetsk produced 3,500,000 tons in 
a campaign lasting over ten years and seven months. Such campaigns, 
however, are most unusual. Ordinarily the normal operating wear and 
tear has so lowered productivity, increased coke consumption, and raised 
the cost of operating repairs that major repairs become an economic 
necessity after the furnace has been in operation for only a few years. 
In eighteen campaigns of eastern furnaces during the period 1933-1947, 
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the average length was four years and eleven months, which is still 
above the Soviet average? 

The leading Soviet blast-furnace expert explains that the average 
campaign is not less than three years, even under very intensive opera- 
tion, and usually not more than five years, because the shutting down of 
the furnace is required not only to repair the lining and metal fittings 
but also to improve the construction and modernize the equipment. 
“Only where capital is short do they try to lengthen the campaign up to 
ten years.'* As if to underline the shortage of capital in the Soviet 
Union, the 1946 Conference of Blast-Furnace Operators passed a resolu- 
tion stating that "it is considered a basic task to lengthen the campaign 
of newly built, restored, and repaired blast furnaces up to ten years." 5 

In order to increase output per furnace the Soviets have put a lot of 
effort into cutting down the time required to make repairs. The repair 
period begins when the blast is shut off and ends when it is turned on 
again. For major repairs at the end of a campaign, the period varies from 
twenty to thirty days for medium-sized furnaces and twenty-five to 
thirty-five for large furnaces. In the case of one recent furnace campaign, 
lasting ten years, the necessary repairs took thirty-five and a half days. 
Current repairs take up from fifteen to twenty days in a four-year cam- 
paign, or 1 to 2 per cent of the calendar time.* 

The Russians have devised a precise and extremely valuable measure 
of blast-furnace productivity that they call the "coefficient of the utiliza- 
tion of useful capacity," which is calculated by dividing the volume of 
useful capacity of the furnace in cubic meters by the daily output in 
metric tons. For example, with daily output of 1,250 tons of pig iron 
and a useful capacity of 1,000 cubic meters, the coefficient is 0.80. The 
useful capacity of a furnace is the volume that can be filled with the raw 
materials of the mix and the products resulting from smelting. In other 
words, it is the interior volume of the furnace measured from the level 
of the pig iron tapping hole in the hearth to the level to which the raw 
material is loaded at the top of the shaft. As is obvious from the way 
in which the coefficient is calculated, the higher the productivity the 
lower the coefficient, or — like a golf score — the lower the better. Con- 
versely, the daily productivity per cubic meter of capacity is simply the 
reciprocal of the coefficient. In order to compare the performance of 
furnaces smelting different types of pig iron, and to plan the volume of 
new capacity required to meet certain production goals, the productivity 
of the furnace is figured in terms of common units of conversion iron, 
using predetermined coefficients (see immediately below). 

The productivity of Soviet blast furnaces is ordinarily measured with 
reference to nominal time, which excludes cold down time and the period 
for capital repairs between campaigns. The factors determining blast- 
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furnace productivity can be measured by two parameters, the volume of 
raw materials smelted per ton of pig iron, and the intensity of the smelt- 
ing process, expressed in the length of time the mix remains in the 
furnace. 

Productivity varies inversely with the volume of materials consumed, 
which in turn depends on the quality of the ore, fuel, and fluxing ma- 
terial and on the loss of hot pig iron in the tapping, transport, and cast- 
ing processes. The factors determining the consumption of ore, coke, 
charcoal, and limestone have been discussed in previous chapters. Here 
we need only point out that measures taken to beneficiate these raw ma- 
terials — such as washing, crushing, sorting, and agglomeration — have 
the important effect of increasing blast-furnace productivity. This effect 
has been a striking result of the widespread programs of beneficiation 
undertaken since the Second World War. Differences in the quality of 
raw materials consumed are the basic cause of significant regional dif- 
ferences in blast-furnace productivity. Furnaces using the high-grade 
Urals ores and Kuznetsk coking coal perform much better than those 
using Donbass coal and iron ore from Crimea or the Central Region. 

The beneficial effect of agglomerating powdery Krivoi Bog iron ore 
was clearly demonstrated by experiments undertaken at Makeevka in 
1940. The use of 52 to 62 per cent agglomerate in the mix, compared to 
using none at all, raised the productivity of the blast furnaces 17 to 38 
per cent, and the use of 100 per cent agglomerate raised productivity 
34 to 60 per cent. Experiments carried on at the Dzerzhinsk works in 
the 1930's with the use of carefully sorted ore raised productivity 19 to 
33 per cent, and another works raised productivity 9 per cent by ore con- 
centration. 

The intensity of the smelting process is determined primarily by the 
volume of air blast forced through the furnace. The more air, the faster 
the coke burns and the more rapidly all the chemical reactions proceed. 
This process it limited, however, by the ability of.the gas to permeate 
the mix and by the reducibility of the ore. The more permeable and re- 
ducible the mix, the more intensely the operations can be carried on and 
the less time the mix will have to remain in the furnace. Permeability 
depends primarily on the size, form, and friability of the ore, coke, and 
flux, while reducibility depends upon the chemical and physical com- 
position of the ore (see Chapters 7-9). Taking these factors into account, 
a commission under the leadership of Pavlov in 1936 determined that 
the optimum period of time for material to remain in the furnace (heat 
time) varied from 7.0 hours for furnaces in the Bakal region to 8.5 hours 
in Tagil. Most of the southern furnaces have attained heat times of 7.0 
or even 6.5 hours. 

Another factor influencing the intensity of the smelting process is the 
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temperature to which the blast is preheated and at which the furnace 
operates. Just as in the case of the volume of air blast, the optimum tem- 
perature must be determined by study and experiment with each indi- 
vidual blast furnace. It was by increasing the intensity of operation that 
the Stakhanov movement in the middle thirties made its greatest contribu- 
tions to higher productivity. Another improvement that was widely utilized 
by the Stakhanovites was simply better and more careful loading of the 
mix into the furnace. Here the Russians benefited greatly by universal 
adoption of the American system of double-skip loading apparatus, which 
significantly increased the volume of material charged into the furnace 
in a given period of time, and also by the use of American rotating 
charging bells, which distributed the burden more evenly throughout the 
furnace than the primitive methods they had been using previously. 

The desired chemical composition of the pig iron determines the 
composition of the mix, the air-blast, and the temperature employed and 
thus influences the productivity of the blast furnace. The more silica, 
manganese and phosphorus in the pig iron, the higher the temperature 
and the greater the coke consumption required. Types of pig iron high 
in one or more of these elements require not only more coke, but also 
more limestone and ore per ton of finished product. The productivity is 
lowered not only because of the greater volume of raw materials con- 
sumed but also because of the longer heat times required for smelting 
pig iron containing significant amounts of manganese, silica, and phos- 
phorus. On purely technical grounds, therefore, the Russians have 
worked out a series of coefficients to compare the productivity of blast 
furnaces when they are producing different types of pig iron. Conversion 
iron destined for open-hearth furnaces is comparatively free of all three 
elements, and it also accounts for about four-fifths of all the pig iron 
produced in the USSR, so it is used as the basis for comparison. The 
other basic types of pig iron then range above it in the following relation- 
ships of difficulty: conversion iron, 1.0; foundry iron, 1.15; spiegel iron, 
1.5; ferromanganese, 2.5; and ferrosilicon, 2.5. The use of these coeffi- 
cients is obligatory when converting the production of different types 
into common units of conversion iron." 


Definitions and Factors Determining Open-Hearth Productivity 


The most commonly used Soviet index of open-hearth productivity is 
the daily output of steel in metric tons per square meter of furnace 
floor. If, for example, the average daily production of a furnace were 
376 tons and the area of the furnace floor were 63 square meters, then 
the open-hearth coefficient would be 376 divided by 63, or 5.97. Unlike 
the blast-furnace coefficient, this open-hearth coefficient is a straightfor- 
ward measure of productivity — the higher the productivity, the higher 
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the coefficient. The open-hearth productivity index given in Table 39 is 
measured with reference to nominal time, which like its blast-furnace 
counterpart excludes major repairs at the end of a campaign and also 
excludes cold down time. 

Because nominal time includes the hot down time or the period when 
the furnace is still hot but not smelting steel because of repairs or break- 
downs in material supply, the productivity index reflects improvements 
in the speed of hot repairs. This may be an important source of increases 
in productivity. For example, at Kuznetsk the percentage of calendar 
time spent making hot repairs was as high as 10 to 20 percent in the 
period of the Second Five Year Plan, but fell to a little over 7 per cent 
in the postwar years. An even greater amount of open-hearth smelting 
time was lost in cold down time, when the furnaces are shut down to 
make more difficult repairs and to be rebuilt between campaigns. The 
division of calendar time in the USSR (average) for 1933 was as fol- 
lows:® actual work, 245.0; hot down time, 41.5; cold down time, 78.5. 

The Soviets, therefore, have tried hard to lengthen the campaign of 
their open-hearth furnaces and to reduce the time required for major 
repairs. 

To increase the productivity of open-hearth furnaces they have moved 
in three general directions: (1) increasing the tonnage capacity of the 
furnaces, (2) reducing the losses due to below-standard finished steel 
and scrap generated in the process of production, and (3) increasing the 
intensity of the smelting process. Tonnage capacity has been increased 
by redesigning the interior of the furnace so that it can receive a bigger 
charge and melt a larger quantity of steel. This involves deepening the 
bath, heightening the roof, bifurcating the tapping apparatus, installing 
automatic loading apparatus, and so on. Loss in the form of scrap and 
unacceptable finished steel has been reduced by attention to a number of 
details which Americans have long considered just good operating prac- 
tice, including such commonplace methods as increasing the size of the 
ingots, taking greater care in the casting process, and so forth. The main 
improvements in the smelting process have resulted from cutting down 
the heat time for each cast by faster charging of raw materials into the 
furnace, higher temperatures, better methods of heating the furnaces, 
and so on. 

Just as with blast furnaces, the productivity of the open-hearths varies 
directly with the type of finished steel produced. For comparative pur- 
poses, the different types of steel are divided into seven groups, and 
each one is assigned a "coefficient of difficulty" based on the time re- 
quíred to smelt the type. These coefficients are as follows (ordinary car- 
bon steel is the standard of comparison): ordinary carbon steel, 1.0; 
rimmed steel, 1.0; special rimmed steel, 1.05; killed, high quality, carbon 
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steel, 1.05; killed, carbon, quality steel, 1.05; quality alloy steel, 1.13; 
high quality alloy steel, 1.16.1° 

It is obvious that these differences are much less than those for pig 
iron. Open-hearth productivity is usually expressed in terms of ordinary 
carbon steel, but for some purposes it is expressed in natural units, al- 
though it ordinarily makes little substantive difference. 


Productivity Changes through 1936 


Changes in the productivity of Soviet blast and open-hearth furnaces 
are shown in Table 39. By 1928, on the eve of the First Five Year Plan, 
the Soviet blast furnaces were producing an average of 27 per cent more 
per cubic meter than they had in 1913. This "accomplishment" was simply 
a reflection of the fact that in the process of restoration during the 1920's 
the biggest and best furnaces had been chosen for operation. The First 
Five Year Plan and the beginning of the Second witnessed relatively 
litle improvement. In fact, productivity fell noticeably in 1931. This 
failure occurred in spite of the blowing in of twenty-five big, new, mod- 
ern blast furnaces. These same years witnessed an appreciable drop in 
open-hearth productivity. The large new open-hearths going into opera- 
tion were not performing so well as their older counterparts. Endless 
articles and speeches were written expressing alarm and dismay, but the 
basic explanation is simple. During those years, the best technical talent 
was devoted to construction rather than to operation, and the Soviets 
were having trouble learning how to use their complicated new Ameri- 
can and German equipment.!! 

In sharp contrast, the next three years saw a remarkable increase, one 
which was not confined to the iron and steel industry and which, to the 
best of our knowledge, represents the most rapid rise in industrial pro- 
ductivity the world has ever seen. Between 1933 and 1936 blast-furnace 
productivity increased 55 per cent. Once again the basic explanation is 
simple. The Soviets shifted their major effort from constructing new 
plants to learning how to use the equipment they had recently brought 
into operation (see Chapter 3). As the results were nothing to be 
ashamed of, the Russians published the most detailed statistics imagin- 
able. One journal (Sovetskaia Metallurgiia) gives us both the blast- and 
open-hearth furnace coefficient for each plant in the iron and steel in- 
dustry for each month for all three years. A number of studies were 
made of certain plants on an individual furnace basis.!? 

This productivity drive, which reached its climax in 1936, was organ- 
ized under the banner of the wellknown Stakhanov movement. The 
character of this movement has been described elsewhere. We axe here 
concerned with its results. Perhaps the most satisfactory result from the 
point of view of the Soviet leadership was that the sharp rise in pro- 


TABLE 89 
BLAST-FURNACE AND OPEN-HEARTH PRODUCTIVITY, 
USSR ANNUAL AVERAGE, 1928-1954 


Open-hearth produetivity 


Blast-furnace coeflicient (tons per m? ) 
2.3 (a) e. 
LSI (x) 2.95 (d) 
? 3.03 (d) 
1.69 (b) 3.13 (d) 
1.82 (b) 2.79 (d) 
1.68 (b) 2.68 (d) 
1.69 (b) 2.90 (d) 
M N 1.31 (b) 3.35 (d) 
: i " 1.20 (b) 3.85 (d) 
— ÓÀ 1.09 (b) 4.60 (d) 
X heen > 1.11 (b) 4.55 (e) 
19405... s deis errare qno 1.19 (c) 3.37 (c) 
1911 (Plan) —— eee 1.06 (f) 5.00 (f) 
1910: err ue meret Re 1.19 (c) 4.09 (c) 
1947 (Plan) Recluse 1.08 (c) 4.60 (c) 
1948.. Sudip M XD CO P 1.05 (g) 4.S8 (g) 
49. ak R OE 1-00 (R) 5.42 (g) 
BO ess E N EEA 0.98 (h) 5.7 (h) 
: sie Sith sterol o Pete. 0.92 (i) 5.9 (i) 
i m dodenus 0.87 (j) 6.1 (j) 
1 ——— 0.85 (k) 6.4 (k) 
54. Drtssit ac Sese 0.82 (1) 6.6 (1) 
ee aaaaaaaaaaaħħõe 


* Information not available. 

The figures given are in most cases confirmed by a number of different sources, but to simplify 
matters only one source for each year is given here. Minor differences, of course, appear occa- 
sionally. They do not include Malaia Metallurgiia. 

Sources: (a) S. G. Strumilin, Chernaia metallurgiia v rossii i o SSSR, tcknicheskii progress 
za 300 let (Moscow-Leningrad, 1935), pp. 302—308. (b) S. M. Veingarten, Ekonomika i plani- 
rovaniia chernoi metallurgit SSSR (Moscow, 1939), p. 86. (c) Stal’, 1947, no. 8, p. 679, gives 
absolute figures for these years. (d) Bol'shaia sovetskaia entsiklopcediia, Vol. 39, p. 105. (e) 
Stal’, 1947, no. 11, p. 988. Source (d) gives 4.60. (f) 1941 Plan, p. 146. (g) Voprosy 
Ekonomiki, 1950, no. 2, p. 91 gives percentage relationships between 1948 and 1940, 1949 
nnd 1940, and 1949 and 1948. (h) Pravda, April 17, 1951, quotes the report of the Central 
Statistical Administration that at the end of 1950 the blast-furnace coefficient was 25 per cent 
better and the open-hearth coefficient 33 per cent better than in 1940. Bulganin, in his speech 
quoted in Pravda, November 7, 1950, said that the coefficients were then 25 per cent and 82 
per cent better than in 1940. Trud, January 27, 1951, said that the open-hearth cocfiicient im- 
proved in 1950 over 1949, but fails to mention any improvement in thc blast furnaces. 'This 
would put the coefficients at the end of the year at 0.95 and 5.81. We have estimated them 
for the year as a whole at 0.98 and 5.7. (i) Pravda, January 29, 1952 cites the report of the 
Central Statistical Administration that the blast-furnace coeffcient in 1951 improved by more than 
5 per cent and the open-hearth coefficient by nearly 5 per cent over 1950. (j) Pravda, October 
13, 1952, gives 6.19 as the open-hearth coefficient for the first eight months of the year and 
0.88 for the blast-furnace coefficient for the cight months. Pravda, September B, 1953, gives 0.87 
for the year 1952 for blast furnaces. Pravda January 23, 1953 reporis that in the year 1952 the 
blast-furnace coefficient improved 5 per cent and the open-hearth coefficient 3 per cent. (k) 
Pracda, January 31, 1954, reported that in 1953 the blast-furnace coefficient improved 2 per 
cent and the open-hearth cocíficient 5 per cent, but that they failed in both cases to meet the 
established planned norms. (1) Pravda, January 21, 1955, reported that in 1954 the blast- 
furnace coefBcient improved 4 per cent and the open-hearth coefficient 3 per cent. Plan. Khoz., 
1955, no. 2, p. 57, reported that in 1954 the open-hearth coefficient had risen 52 per cent 
above 1940 (which confirms our figure of 6.6) and that the blast-furnace coefficient had im- 
proved by 43 per cent over 1940. This would give a blast-furnace coefBcient of 0.83 for 1954. 


254 


PRODUCTIVITY OF IRON AND STEEL FURNACES 255 


ductivity permitted fulfillment of the production goals of the Second 
Five Year Plan with the expenditure of much less precious capital than 
had been anticipated. The goals were met with 19 new blast furnaces 
instead of 45, with 86 new open-hearths instead of 164, and with 49 new 
rolling mills instead of the 107 called for in the Second Five Year Plan. 
This was the ideal way to solve Preobrazhenskii's dilemmal!? 


Productivity, 1937-1940 


But the spurt didn't last long. In 1937, the upward rise came to an 
abrupt halt, falling back slightly from the high point of 1936, and both 
blast-furnace and open-hearth productivity were far short of their 
planned goals for 1937. Then the next two years are a complete blank. 
To this day we have been unable to find the national coefficients for 
1938 and 1939. My initial presumption was that the statistical black-out 
encountered in all phases of activity for those years was simply a pre- 
caution for military security. My suspicions were aroused, however, 
when, in a postwar publication, I saw in a production graph of those 
years that 1938 was very little better than 1937 and that the total pro- 
duction of pig iron, steel, and rolled products actually fell off in 1939. 
When the information on production is placed alongside evidence of new 
equipment going into operation in those years, the conclusion is inescap- 
able that productivity declined seriously in 1938 and 1939. On January 
1, 1938, there were 52,843 cubic meters of blast-furnace capacity in op- 
eration. Twenty-four months later, 4,872 cubic meters of new capacity 
had been blown in, most of it during 1938. Yet pig iron production actu- 
ally fell from 14,650,000 tons in 1938 to 14,519,000 tons in 1939. At the 
same time the all-Union average open-hearth productivity was down fifty 
kilograms in the first half of 1939 compared to 1938.1! Scattered reports 
on individual plants also confirm the general decline of productivity that 
occurred in 1937, 1938, and 1939. As I have pointed out, this retrogres- 
sion in performance had important implications for the rate of investment 
and total output. 

Apparently this drop in productivity was not confined to the iron and 
steel industry. Preliminary study indicates that the whole structure of 
Soviet industrial leadership and management was afflicted by a general 
“slow down” during this period. The Soviet press, however, did such a 
thorough job of suppressing the evidence that practically all of the 
American students of the Soviet economy with whom I have discussed 
the problem were unaware of its existence. Soviet refugees and a few 
Americans who remained in Soviet industry during these years almost 
unanimously attribute the trouble to the “wrecker” trials of 1937-1939. 
Soviet writers point out the existence of the difficulties and describe 
them in enough detail to make it clear that they stem from a general 
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breakdown in managerial initiative and discipline. The Council of 
Peoples Commissars appointed a commission to investigate the short- 
comings. Naturally they do not attribute their failures to the bad effect 
of the trials on managerial morale; they prefer to blame the pervading 
hand of the “wreckers” who were up for trial. Whether or not there 
was more than a grain of truth to these accusations, the adverse effect 
of the process on industrial productivity is undeniable.!5 

Output began to pick up again in 1940, rising sharply during the sec- 
ond six months so that by the end of the year the annual average had 
improved to 1.19 for the blast-furnace coefficient and 4.37 for the open- 
hearths. Note, however, that the 1940 performance in both types of 
equipment was considerably below that of 1936 and 1937. Nineteen- 
forty was not a good year compared to the standards set in the middle 
thirties, and it is with reference to this mediocre year of 1940 that the 
goals and results of the Fourth Five Year Plan are measured. The 1941 
Plan called for considerable improvement, and occasional reports indicate 
that in the first half of 1941, before the invasion, improvements in pro- 
ductivity began again. 


Productivity in Wartime 


For evidence of wartime changes in productivity, we must rely on 
reports from individual plants. Space does not permit the presentation 
of hundreds of observations from many different plants, so the plant at 
Dneprodzerzhinsk is chosen as representative (Table 40). The reader is 
referred to Appendix B for the plant’s characteristics. Not one of the 


TABLE 40 


PRODUCTIVITY OF BLAST AND OPEN-HEARTH 
FURNACES AT DNEPRODZERZHINSK, 1930-1946 


Blast-furnace Open-heurth Blast-furnace Open-hearth 
Year coefficient productivity Year coefficient productivity 
1930......... 1.41 9.21 1988... 1.13 4.86 
1931 1.60 3.44 147 4.85 
1982.2... 1.62 2.40 1:12 4.77 
1933 1.59 249 . WE usos 0.87 5.61 
10681... esos 1.26 3.64 2.24 1.93 
1935......... 1.18 3.88 1.15 3.27 
1936. 5. css 0.93 470 .  1946......... 1.15 3.65 
1931. urs 1.14 4.41 


Sources: The 1930-1936 figures are from S. M. Veingarten, Ekonomika i planirooaniia chernoi 
metallurgii SSSR (Moscow, 1939), pp. 352, 357; the 1937-1946 figures, from N. M. Fomenko, 
“The Iron and Steel Works named after Dzerzhinskii,” Stal’, 1948, no. 1, pp. 72-76. The 1941 
figures are for the first six months. All cocfficients are in nominal time, except 1944—1946, which 
is in calendar time for the open-hearths. The coefficient in calendar time is lower, and in 1940 
was 3.69 compared io 4.77 in nominol time. Dzerzhinsk followed the postwar pattern of in- 
creasing productivity. The blast-furnace coefficient for the first nine months of 1952 was 0.89 
(Pravda, October 13, 1952). 
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new giants built by the Soviets, Dzerzhinsk is a medium-large plant that 
was reconstructed and equipped with some new furnaces in the twenties 
and thirties. It produced 418,000 tons of pig iron in 1913 and 380,000 in 
1927; its output increased to 1,267,000 tons in 1940, and to an annual rate 
of 1,538,000 in the first half of 1941.18 

Dzerzhinsk exhibited the same fluctuations in productivity that char- 
acterized Soviet industry as a whole in the thirties — difficulties of ad- 
justment to the revolutionary changes from 1929 to 1933, followed by 
phenomenal improvement in the next three years. Nor did it escape the 
retrogression between 1937 and 1939, and the recovery in 1940 and 1941. 
Because Dzerzhinsk was taken over by the Germans during 1942 and 
1943, we must turn to the experience of other plants in the east to get an 
indication of the course of productivity in those years. 

Under wartime pressure both Magnitogorsk and Kuznetsk increased 
the productivity of their blast furnaces 10 to 20 per cent. The Magnito- 
gorsk coefficient fell from 1.0 in 1940 to 0.90 in 1944, while Kuznetsk fell 
from 0.98 in the second half of 1940 to 0.8 in 1944. The open-hearth pro- 
ductivity increased at Magnitogorsk from 5.5 tons per square meter in 
the first half of 1941 to 6.10 in 1944, and from 6.01 to 6.14 at Kuznetsk 
during the same wartime period. During these years production in the 
new Blast Furnace No. 5 at Magnitogorsk was forced to records that no 
furnace in the western world apparently equaled until 1954. Its average 
daily production for the entire year 1944 was 1,534 metric tons and for 
individual months even higher. During one month in 1943, production 
averaged 1,646 tons a day; and in April 1944 it averaged a phenomenal 
1,690 metric tons or 1,863 short tons a day, with scrap consumption only 
50 kilograms per ton of pig iron." 

Turning again to the data on Dzerzhinsk, we can see why the Soviet 
government failed to publish any information about the average national 
coefficients for the last two war years. After the fall of 1943, when the 
ruined furnaces and partially completed shops first began to come back 
into operation, their performance was intermittent and far below normal. 
Since they would have to be included in any national average, their low 
productivity would have erased the modest gains that had been made in 
the east during 1942 and the first three quarters of 1943. To have pub- 
lished all-Union averages for 1944 and 1945 would certainly have re- 
vealed a marked worsening compared to 1942 and 1943, when the 
"national" average was determined by the high-productivity eastern 
works. So the Gosplan has published national productivity averages only 
from 1946 on, when productivity had returned almost to the 1940 level, 
but was still low enough (well below the good years 1936 and 1937) 


that the subsequent years of the Fourth Five Year Plan were bound to 
show substantial improvement. 
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Productivity since 1945 

The Soviet planners, however, failed to anticipate how very substan- 
tially productivity was going to improve in the postwar period. For- 
tunately for our purposes, the Soviets utilize precise measures of 
productivity for the major types of iron and steel mill equipment. These 
measures for blast furnaces and open-hearth furnaces are presented in 
Table 39. From this data we can see that by 1946 the national pro- 
ductivity averages had recovered almost to their prewar levels. In the 
eight years from 1946 to 1954, the national average blast-furnace pro- 
ductivity increased 45 per cent and open-hearth productivity 61 per cent. 
The annual rate of increase is only half that of the spurt in 1933-1935, 
but the postwar rise both started and finished at a higher absolute level. 
There is nothing mysterious or even wholly new about the postwar pro- 
ductivity drive; it followed the familiar patterns established in the twen- 
ties and thirties. First the Soviets adopted the major technical improve- 
ments previously developed in the capitalist countries, particularly the 
United States, and made a number of minor improvements of their own. 
Then they encouraged widespread installation of these improvements 
by a series of "socialist competitions" on the Stakhanov pattern, featur- 
ing strong wage incentives, publicity, technical training, and so forth. 
What appears to be new is the heavy emphasis on interplant and intra- 
plant team competition and the liberal granting of fabulous Stalin prizes 
to inventors, innovators, and leaders in "socialist competition." 

On May 15, 1946, when the applause that followed Stalin's speech 
announcing the Fourth Five Year Plan had hardly died down, the 
“workers” at Mekeevka launched the all-Union competition for “fulfill- 
ment and overfulfillment" of the plan goals. As we have seen, however, 
1946 was a bad year, and in certain big plants, such as Magnitogorsk, 
the productivity coefficients markedly worsened. Nor was 1947 much 
better. The press was full of complaints about failure to fulfill the 
planned tasks for that year. One measure adopted to overcome the lag 
was making the socialist competitions more specific. In the place of vague 
drives to overfulfill production quotas, competition was concentrated on 
particular objectives, and the first of these was to improve the indexes of 
productivity. 

One form which these drives took was to have workers of each plant 
write a letter to Stalin, promising to attain by a certain date (often 
Stalins birthday) specific blast-furnace and open-hearth coefficients 
better than those called for in the annual plan. These letters, grouped by 
Chief Administrations within the industry, were then published on the 
first pages of Pravda, Izvestiia, and Trud for all the world to see. In this 
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way the workers could be held accountable if they failed to meet their 
promised "counter-plan" goals.!5 

For some time the Russians had been making experiments aimed at 
increasing open-hearth productivity by cutting down heat time and in- 
creasing the intensity of the smelting operation. The authorities apparently 
decided early in 1949 that these methods were now ready for widespread 
adoption. That spring an open-hearth operator at the Zlatoust works in 
the Urals, named Anosov, suddenly began to receive nationwide pub- 
licity for his exploits in attaining extraordinarily high productivity from 
his furnace. As Gregory Nosov, director of Magnitogorsk, pointed out, 
however, "It is not too difficult to organize Stakhanovite work at one 
open-hearth furnace; it is much more difficult to create conditions for 
Stakhanovite work by all steel workers at all the open-hearth furnaces of 
an enterprise." !? So all the propaganda forces of the Party, the trade 
unions, and the press were thrown into the task, and Mr. Anosov sud- 
denly found himself the leader of the "Anosov movement." 

There was published a book entitled "A Quarter of a Century at the 
Open-Hearth,” in which Anosov described his work, and posters explain- 
ing his methods began to blossom on the bulletin boards of iron and steel 
enterprises. The achievements of another worker, Ivan Neches, the 
"Master of Quick Casting," were glorified in so august a periodical as 
Voprosy Ekonomiki, the organ of the Institute of Economics of the Acad- 
emy of Sciences. Stalin Prizes were handed out right and left to workers 
and engineers who succeeded in speeding up open-hearth operations. 
Receiving a Stalin Prize with its emoluments is something like winning 
the Irish Sweepstakes. Yet in 1951 alone, one hundred and fourteen steel- 
workers were awarded Stalin Prizes, many of them for turning out fast 
heats in their open-hearths. All of this pageantry and expense paid off. 
At the beginning of 1949 only 15 to 20 per cent of open-hearth smelting 
was by high-speed methods, but eighteen months later the figure was 
almost 50 per cent and as high as 80 per cent in the case of certain fur- 
naces.?9 

These productivity drives were supposed to originate spontaneously 
on the initiative of the workers, but it is obvious that they were very 
carefully organized from above. On April 11, 1950 we read in Trud that 
the three shift foremen of Open-Hearth No. 3 at Magnitogorsk had de- 
cided to save three million rubles during the year by increasing pro- 
ductivity and by more economic operation of their furnace. The local 
trade union, Party organization, and plant manager all supported this 
voluntary initiative. The very next day Trud ran a big editorial praising 
them to the skies for their patriotic initiative. The following day the 
open-hearth operators at the Hammer and Sickle works took up the 


260 THE ECONOMICS OF SOVIET STEEL 


challenge, and the competition spread like wildfire thoughout the rolling 
mill shops as well. The next day it spread to Dnepropetrovsk and so on, 
ad nauseam. In the next few months the smiling faces of the trio from 
Magnitogorsk peered from the pages of the national press more often 
than the benign countenance of Stalin. The best steelmakers of the coun- 
try for the second quarter of 1950 turned out, of course, to be these three, 
and the next thing we know, they were all elected to the local Soviet, 
This success story ends when they won 300,000 rubles and the Stalin 
Prize?! 

In addition to organized widespread drives of the type just de- 
scribed, various prizes have been awarded to plants and shops for high 
productivity. The most important of these is the Red Banner of the 
Council of Ministers; it corresponds to the Navy "E," which was awarded 
to American plants during the Second World War. Then there are spe- 
cial competitions for May Day, the anniversary of the Revolution, and 
one which is both amusing and pathetic — in honor of Stalin's election 
to the Supreme Sovietl?? 

Realizing the limited effectiveness of "socialist competition," the So- 
viet leaders simultaneously relied on tried and true "capitalist" incen- 
tives to raise productivity. The groundwork for them was laid by the 
monetary reform and derationing carried out in December 1947. (We 
are likely to underestimate the effect of this action until we recall the 
startling impact of the almost identical reform that the Allies carried out 
in Western Germany some time subsequent to the Soviet reform.) Simul- 
taneously, on December 10, 1947, the Council of Ministers of the USSR 
decreed a whole new set of premiums and rewards for workers, directors, 
and engineer-technicians in mining and iron and steel. The decree stipu- 
lated that these rewards would be given only to those people whose capi- 
tal equipment did not break down, a precaution which must have been 
dictated by bitter experience. As a result of these premiums and of 
changes in the wage structure, the iron and steel industry found itself 
with one of the highest pay levels in the entire national economy. Nor 
was traditional time-and-motion study neglected. It was accompanied by 
periodic raising of the work norms on which piecework pay is based. 
More and more these performance bonuses were given not on the basis 
of output per man, but for improving blast- and open-hearth furnace 
coefficients.” 

Much of the increase in productivity is dependent not on the initia- 
tive of operating personnel but on the development and adoption of new 
techniques. A few of these techniques are of enough current interest to 
deserve special mention. The least spectacular, but probably the most 
important in its total effect on productivity, has been the conversion of 
blast- and open-hearth furnaces to automatically controlled operation. 
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The increasing temperature, pressure, and intensity of modern furnace 
operations have made hand-operated controls more difficult, dangerous, 
and much less precise than automatic controls. The introduction of the 
latter was given a high priority in the Third Five Year Plan (1938-1942). 
This initial work, however, was interrupted by the war. The pressure for 
immediate results pushed the development and adoption of automatic 
controls into the background during the war, but wartime experience 
with the complicated problems of producing quality steel emphasized 
the necessity of precise controls more than ever before. The wartime lag 
was overcome during the postwar period. German demolition bombs 
swept away all the older control apparatus, thus providing an oppor- 
tunity for the widespread installation of automatic equipment in the 
process of restoration?! 

Before the war only thirty-seven Soviet blast furnaces were equipped 
with modern, American-type, automatic loading systems, in which the 
raw materials are dumped, weighed, hoisted to the top, and loaded into 
the furnace under the direction of only one mechanic-weigher at his 
automatic control panel. The Fourth Five Year Plan called for the adop- 
tion of such automatic loading systems on all coke blast furnaces. Auto- 
matic control is also employed in the process of heating the air blast, in 
the Cowper's stoves, in controlling the temperature and pressure of the 
blast in the furnace, and in the tapping operation. By 1952 almost all 
Soviet blast furnaces were outfitted with installations for the automatic 
regulation of the temperature of the blast, and a substantial portion of 
the air heaters were equipped with devices for automatic regulation of 
the burners. 

In open-hearth furnaces there were even greater possibilities for in- 
creasing productivity by installing equipment for automatic operation. 
The Soviets were aware that in 1943 in the United States 56 per cent of 
all open-hearths had automatic apparatus to regulate furnace pressure, 
30 per cent to control roof temperature, 20 per cent to operate the valves, 
and 15 per cent to regulate the heating process; and they were deter- 
mined to catch up. Their first experience with automatic open-hearth 
operation, at Kuznetsk in 1938, showed indifferent results, but in mid- 
1944 they began again to introduce automatic control of the heating 
process at Kuznetsk, and the immediately pleasing results encouraged its 
rapid adoption in the postwar years. In 1946 forty large open-hearths 
were equipped with automatic controls. By 1947 automatically controlled 
furnaces smelted about 55 per cent of Soviet steel, and in 1948 thirty- 
five more were scheduled for full “automatization.” In 1949 80 per cent 
of Ukrainian steel was produced in automatic furnaces, and by the end 
of 1951 automatic furnaces were contributing 86.5 per cent of all the 
open-hearth steel produced at the mills of the Ministry of Iron and Steel. 


262 THE ECONOMICS OF SOVIET STEEL 


The Soviets claim that automatic control of the heat of blast and open- 
hearth furnaces has increased their productivity 7 to 10 per cent and cut 
fuel consumption by 2 to 6 per cent. A group of western European ex- 
perts, who visited a few Soviet iron and steel plants in the fall of 1955, 
were thoroughly impressed by the automatic equipment they encoun- 
tered during their ten-day trip. Sir Robert Shone, executive member of 
the British Iron and Steel Board, and Mr. Frank Cartwright, assistant 
managing director of the Steel Company of Wales, reported some of 
their economic and technical impressions in The Economist (December 
3, 1955). They went so far as to say that “no instrument one could think 
of was missing." 

The Soviets also tried oxygen experiments to improve the process of 
reduction and increase furnace productivity. Enriching the air blast with 
oxygen raises the temperature of the lower part of the blast furnace by 
reducing the proportion of inert nitrogen introduced, and at the same 
time it lowers the temperature at the furnace top. The first experiments 
with the use of oxygen in blast furnaces had taken place in Belgium in 
1913 and in Germany somewhat later. In 1921-1923 the United States 
Bureau of Mines studied the problem, finding two chief drawbacks — 
the high cost of producing oxygen and the destructive effect of the 
higher temperatures on the furnace lining. Starting in 1933, the Germans 
experimented with very low-shaft furnaces using an oxygen-enriched 
blast to smelt poor ores with friable coke, an approach which appealed 
greatly to the Russians in view of the depletion of their resources of 
high-grade ore and coking coal.” 

The Soviets also pioneered with the use of oxygen during the thirties. 
In one plant, a small furnace with a capacity of 217 cubic meters smelted 
ferrosilicon, using a blast containing 27 to 32 per cent oxygen, over the 
course of several months. This was reportedly the world's first lengthy 
experiment with the use of oxygen for blast-furnace smelting. The results 
indicated that productivity might be increased as much as one and a 
half to two times. This encouraged the authorities to call for the wide- 
spread introduction of the oxygen blast during the Third Five Year Plan, 
but because of the disruptive effect of the spy trials and the German in- 
vasion, little, if anything, was done. 

After the war the press was full of optimism about what great strides 
would be made during the Fourth Five Year Plan with the oxygen blast. 
A smallsized furnace with a capacity of only 330 cubic meters, es- 
pecially designed for the use of oxygen, was built at Novo-Tula. Experi- 
ments were undertaken with large furnaces in 1946, and the enthusiasm 
carried over into 1947; but thereafter the talk died away, and by 1950 it 
was heard no more. Discussion now turns on the great things expected 
from the humidified blast and high-pressure operations. Reports indicate 
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that the Russians were unable to overcome one of the two major ob- 
stacles to using oxygen in blast furnaces noted by the United States Bu- 
reau of Mines back in 1923, namely the damaging effects on the furnace 
lining of the excessively high temperatures accompanying the use of oxy- 
gen. But the Soviets have reportedly overcome the other big objection to 
the use of oxygen in metallurgy — its very high cost. Their world-famous 
physicist, P. L. Kapitsa, invented a revolutionary method of producing 
cheap oxygen, which became available in 1945. The authorities were 
particularly anxious to use it in any process in which oxygen might sub- 
stantially increase productivity. 

Although the use of oxygen in open-hearths was low on the original 
list of priorities for the Fourth Five Year Plan, it developed rapidly fol- 
lowing 1946, and the 1955 Plan called for its widespread adoption. Ex- 
periments conducted in 150-ton furnaces cut the total heat time from 
ten to six hours without worsening the quality of the steel. At the same 
time the use of oxygen in open-hearths was developing apace in Ameri- 
can practice, and Soviet engineers were kept informed by abstracts and 
translations published in their own technical journals. At the beginning 
of 1949 Bardin and some associates in the Central Scientific Research 
Institute for Iron and Steel were awarded a 150,000 ruble Stalin Prize 
for technical research and for introducing into industry the use of oxy- 
gen to intensify the open-hearth process. Among the recipients was Greg- 
ory lin, Director of the Hammer and Sickle works in Moscow, where 
much of the experimental work was carried on.?6 

During and after the Second World War, Arthur D. Little, Inc., a 
Boston research firm, and the Republic Steel Corporation jointly de- 
veloped a startling new technique known as pressure blowing, or high 
top-pressure blast-furnace operation, which increased productivity ten 
to twenty per cent. By cutting down the escape of gas through the fur- 
nace top and at the same time increasing the quantity of air blown into 
the furnace, the reduction processes are intensified, and the consumption 
of coke and the quantity of flue dust blown out the top are reduced. 
Opinions differ about the economic feasibility of the new process, but 
there is no doubt that it significantly increases output per furnace and 
cuts coke consumption per ton of pig iron. During the summer of 1950 
I visited steel plants and talked with leading executives of the iron and 
steel industry in Germany, Great Britain, Luxembourg, France, and Italy, 
without finding a sign of preliminary experimental work or even future, 
plans to try out this new American technique. The Russians, however, 
were already operating one of their biggest furnaces under high pressure 
at this time and were making plans for widespread use of pressure blow- 
ing. The shortage of capital for investment and the consequent necessity 
of maximizing the output of existing equipment have apparently out- 
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weighed in Soviet judgment the drawbacks that have slowed down the 
adoption of high-pressure operation in the United States.?' 

The sharp-eyed Soviet engineers picked up references to this innova- 
tion in American journals as early as 1945 and avidly followed subsequent 
reports as they appeared. From 1947 through 1948 (during which period 
Russians stopped exporting most technical journals), almost every issue 
of Staľ contained a reference to, an abstract of, or a translation of Ameri- 
can reports on high-pressure operations. Soviet writers seemed particu- 
larly intrigued with indications that modern furnaces could be con- 
verted with a relatively small investment of capital. Nevertheless the 
central planning authorities put this innovation low on their list of pri- 
orities for the Fourth Five Year Plan. They did say, in early 1947, that 
conversion to high pressure was first scheduled to be effected in Furnace 
No. 1 at Novo-Tula, and they outlined their plans, but then they did 
nothing about it. Perhaps they were wary of the difficult problems in- 
volved. The installation and successful operation of high pressure re- 
quires a very advanced level of technical competence and equipment. 

The story of how and why high-pressure operation was inhoduced 
shows that the driving, adventurous spirit of the Schumpeterian entre- 
preneur survives in the biggest bureaucracy the world has ever seen. In 
September 1949 a long letter to the editor of Pravda from the head of the 
Communist Party in Cheliabinsk Province, where Magnitogorsk is lo- 
cated, revealed that the engineers in the blast-furnace shop had wanted 
for three years to convert one of their furnaces to high pressure. But the 
central authorities in Moscow at the Ministry of Iron and Steel would 
not give them authority to convert, because they were afraid to lose the 
twenty-five days of production which the necessary changes would in- 
volve. The Magnitogorsk officials, on the other hand, were unwilling to 
risk such an undertaking on their own initiative, because of the possibil- 
ity of failing to meet their production plan for the month during which 
the furnace would be under reconstruction. A solution to the impasse 
was apparently reached when Magnitogorsk utilized every reserve for 
increasing the pig iron output in the remaining blast furnaces to make up 
for the loss entailed in conversion. In the early summer of 1950, Furnace 
No. 6 at Magnitogorsk, one of the world's largest and most modern blast 
furnaces, with a capacity of 1,300 cubic meters, was blown in under 
high top-pressure. The perseverance, initiative, and daring behind this 
innovation were provided by the young director of Magnitogorsk, Greg- 
ory Nosov, under whose guidance the plant set new world's records 
and attained a high pitch of efficiency during the Second World War. 
Under his leadership the productivity of Magnitogorsk's blast furnaces 
increased 33 per cent between 1945 and 1950. 

During August and September, Furnace No. 6 turned out about 100— 
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200 tons a day more than planned and economized on both ore and coke. 
After several months’ experience, it was reported in 1951 that under high 
pressure productivity was raised 5 to 7 per cent, coke consumption re- 
duced 4 per cent, and flue dust cut 7 per cent. During the first ten days 
of February the furnace operated at a coefficient of 0.77 and consumed 
780 kilograms of coke per ton of conversion iron. These results were 
good enough to justify the conversion of two more furnaces at Magnito- 
gorsk (Nos. 3 and 5) and one at Kuznetsk to high-pressure operation in 
1951; and by 1954, if not earlier, all eight furnaces had been converted. 
Plans were made to convert a number of blast-furnace plants to the new 
method in 1952, and high pressure was recommended for all newly built 
furnaces. The program must have been pushed very hard, because the 
Minister of Iron and Steel made the astounding announcement to the 
Party Congress in October 1952 that by the end of the year 43 per cent 
of all pig iron would be smelted in furnaces with high top-pressure. 
Soviet claims have received independent support from the above-men- 
tioned British experts, who visited Soviet plants in 1955 and were im- 
pressed by the widespread use of high top-pressure in blast-furnace 
operations. 

The productivity of Magnitogorsk’s blast furnaces continued to im- 
prove under high-pressure operation. The average coefficient of its eight 
giant furnaces fell to 0.74 for the year 1952, 0.71 for 1955, and 0.68 for 
1954. The latest report, published on July 10, 1955, claimed that the 
average had been lowered to o.65 for the month of June. During this 
same month Furnace No. 6 reported a record coefficient of o.59, which 
means that it turned out a daily average during June of some 2,420 short 
tons. This comfortably exceeds the “world’s record" of 1,981 short tons, 
which according to nationwide advertisements was achieved by the 
Bethlehem Steel Company's Blast Furnace "J" in the month of May 
1954? 

In the meantime much smaller furnaces at Serov had been converted, 
a step which helped improve the productivity of this plant's coke blast 
furnaces. Its annual average coefficients fell from 1.1 in 1946 to 0.833 in 
1948, 0.744 in 1950, and 0.678 in 1951. The incredibly high productivity 
for 1951 is credited to high pressure. For this performance the director 


and some others at the Serov works shared 100,000 rubles and a Stalin 
Prize. 


Productivity Increases and Capital Investment 


To economists concerned with the process of industrial development, 
the most interesting aspect of this increase in productivity is its capital- 
saving nature. We have already pointed out these effects for the period 
of the thirties. The same thing happened, to a lesser degree, between 
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1946 and 1954. As one Soviet economist explained, "The rise in pro- 
duction of iron and steel (1950 over 1940) was attained partly by new 
construction, but mainly by improvement in the utilization of existing 
productive capacity." ?? 

That this increase in productivity was unexpectedly large and far 
beyond the original calculations of the Fourth Five Year Plan can be 
easily demonstrated. From Pavlov's tables and the data in Appendix E, 
we can calculate the total blast-furnace capacity in operation on Jan- 
uary 1, 1946. To this we can add the capacity scheduled to be blown in 
during the Fourth Five Year Plan and get total capacity planned for 
1950. If we multiply the latter by the actual productivity attained in that 
year, we get a figure for total production that is between four and five 
million tons above the planned goal for 1950. At the same time we know 
that the 1950 goal for the production of pig iron was barely attained. In 
other words, if the original productivity goals had been just met, instead 
of exceeded, the Soviets would have required four or five million tons 
of additional capacity in order to meet their 1950 goal for pig iron pro- 
duction. 

These facts lead to a significant conclusion: the increase in produc- 
tivity above what was called for in the Fourth Five Year Plan permitted 
the saving of capital investment in blast furnaces equivalent to the ca- 
pacity of the entire Russian industry in 1913 or 1929. It is no trick at all 
for the fabulously wealthy and productive American economy to scrape 
together the capital investment to expand annual pig iron capacity by 
five million tons, but, for a relatively underdeveloped and poor economy 
like the Soviet Union, such an effort involves immense sacrifice. For this 
reason we can expect the Soviet Union to continue forcing the maximum 
productivity out of its limited resources of capital equipment. 


CHAPTER | 6 —— 


Summary and Conclusions 


What are the principal conclusions that can be drawn from an 
analysis of recent developments in the Soviet iron and steel industry? 
In this chapter we shall discuss current problems and future prospects 
based on what we know about trends in the immediate past. The fol- 
lowing pages, however, first will recapitulate some of our findings and 
examine them in a new light. 

Summaries are bound to underestimate many important aspects and 
overlook others. Attempts to divine the future of the Soviet iron and 
steel industry are bold indeed, particularly because we are dealing with 
only one sector of the Soviet economy, whose future depends as much 
on broad economic and political policies as on the mechanics inherent 
in its own development. Our speculation about future prospects, there- 
fore, is offered merely as a basis for discussion, in the hope that we can 
single out possibilities deserving further consideration. 


Development of Output and Productivity since 1945 


Appendix F presents the basic annual data on total production since 
1940. Recovering rapidly from the destruction of the Second World War, 
output reached the prewar level by 1948, and has continued steadily up- 
ward at the absolute rate of 3 or 4 million tons a year. The annual per- 
centage rate of growth of all three products has fallen steadily, from 
about 25 per cent in 1948 to below 10 per cent in 1954. This decline in 
the percentage rate of growth can be explained as an arithmetic reflec- 
tion of the steady increase in absolute production, and has not been the 
cause for Soviet alarm. However, the absolute growth of pig iron pro- 
duction has been unsatisfactory in the two years since the death of Stalin, 
dropping from 3.1 million tons in 1952 to 2.3 and 2.5 million tons in 1953 
and 1954. Since the production of finished steel in the USSR is tied 
closely to that of pig iron because of the lack of scrap, this drop in pig 
iron production was cause for serious concern to Soviet leadership. In its 
report on the performance of the national economy in 1954, the gov- 
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ernment singled out pig iron as the first product cited for failure to meet 
its annual quota, This failure, although certainly not overwhelming, was 
indicative of some basic problems of the Soviet iron and steel industry, 
about which we shall have more to say. 

In the first half of 1955, with its shift of emphasis from consumer 
goods back to heavy industry, some improvement has reportedly taken 
place. Basing his forecast on the performance of the first six months, 
Premier Bulganin (as reported in Pravda, July 17) forecast that over 
33 million tons of pig iron and about 45 million tons of steel would be 
turned out in 1955. This would represent an increase over 1954 of more 
than 3 million tons of pig iron and 4 million tons of steel. These absolute 
increases would be greater than we witnessed in 1953 and 1954, but not 
enough so to meet the 1955 Plan goal for pig iron. 

By American standards, the productivity of Soviet iron and steel 
workers is generally quite low. The Soviet leaders are concerned and 
try, with apparent success, to raise the productivity of the labor force. 
They think first and foremost, however, about the productivity of capital 
equipment, and for good reason. Compared with the United States the 
Soviet Union has a large supply of labor and a small supply of capital. 
Therefore, any attempt on their part to raise Soviet labor productivity 
to the level of our own would be irrational. 


Current Problems and Prospects for Future Development 


The balance of this chapter deals with two interrelated topics. The 
first is the latest shift in Soviet economic policy. In view of the remark- 
able increase in production and productivity that we have outlined, one 
wonders why Khrushchev and Bulganin felt it necessary to bring the iron 
and steel industry back to the center of the public stage after its relega- 
tion to the wings by Malenkov. Why are they again so interested in 
speeding up the expansion of iron and steel? The second is our evalua- 
tion of the prospects for growth in the next ten or twenty years. 

The answer to the first question is twofold. The Soviets have urgent 
uses for all the steel they can produce, and at the same time they face 
increasing difficulties in expanding production to meet these growing 
demands. The principal demand for steel may be thought of as coming 
from five directions: heavy industry, agriculture, consumer goods, arma- 
ment, and the needs of Soviet satellite nations. Since 1928 the lion's share 
of Soviet steel has been fed into the maw of heavy industry. Construc- 
tion of the new hydroelectric project at Kuibyshev, for example, requires 
about 700,000 tons of iron and steel? With the demise of Malenkov, in- 
dustrial requirements such as these maintain high priority in the 
thoughts and plans of Soviet leaders. Until quite recently, investments 
in the agricultural sector have been niggardly, but Khrushchev's new 
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program of expanding agricultural production by opening up millions of 
hectares of virgin land in recently developed territories suddenly im- 
poses strenuous new demands on the steel industry. Of course nobody 
knows just how much steel the various facets of this program will re- 
quire, but one Soviet authority claims that the utilization of each hectare 
of land in the new farm program consumes about one ton of metal in the 
form of tractors and other agricultural equipment alone? 

The Soviet government may be primarily concerned with the needs 
of its own industry and agriculture, but it cannot afford to ignore the 
requirements of its satellite nations. The European satellites are en- 
gaged in an ambitious program of expanding their iron and steel indus- 
tries. This expansion, however, is occurring with inadequate supplies of 
raw materials. The Soviet Union, therefore, has been obliged to furnish 
its satellites not only with iron and steel mill equipment for the new 
plants but also with iron ore to keep the plants in operation. Satellite 
steel production depends heavily on scrap, and there is little prospect 
of substantially increasing the already high levels of scrap collections. 
It would appear, therefore, that the Soviet Union will have to supply 
sharply increasing amounts of iron ore or pig iron to its European allies 
if the latter are to meet their ambitious goals for steel production.* In 
the last few years the USSR has also assumed a measure of responsibility 
for the industrialization of Red China. It requires little imagination to 
see that China could easily become a bottomless pit for the consumption 
of Soviet steel. At the very least, China can use whatever semifinished 
steel and machinery the Soviet Union feels willing and able to spare. 

Farther down on the priority list we find the steel requirements of 
Soviet consumer goods industries. During one five year plan after an- 
other, the Soviet consumer has found himself cut short when, as usual, 
it turns out that there is not enough steel to go around. Nevertheless, 
the mere fact that the Malenkov regime seriously attempted to meet the 
needs of domestic consumption indicates that the satisfaction of these 
needs is politically expedient. 

Soviet leaders profess a desire to reduce their military establishment 
in order to meet nonmilitary demands for goods and services. Armament 
production has undergone sharp fluctuations in the last twenty-five years, 
and the Soviet government apparently wants to reduce once again its 
steel commitments to the military. Steel consumption by the Soviet 
munitions industry increased sharply during the late thirties with the 
approach of World War II. Steel consumed by the munitions industry 
for the purpose of building plants increased from 136,000 tons in 1933 
to 880,000 tons in 1938. This increase in defense construction came at 
the expense of nondefense construction, so that by 1938 the munitions 
industry was getting 94 per cent of the steel construction material allo- 
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cated to all types of machine building. In other words, by 1938 construc- 
tion had virtually ceased in all other machine-building industries, includ- 
ing heavy machinery, machine tools, automobiles and trucks, tractors, 
farm machinery, electrical machinery, railroad locomotives and equip- 
ment, and shipbuilding. Meanwhile, munitions industries in 1938 were 
getting more steel for fabrication (as distinguished from steel for con- 
struction) than all of the other machinery manufacturers put together. 
Following the German invasion, the entire Soviet economy was, of 
course, converted to war production. The share of total rolled steel going 
directly into war production jumped from about one-third to over two- 
thirds in 1942. 

For the postwar period we have been unable to find any figures on 
the consumption of steel by munitions industries, but indirect evidence 
indicates that the share continued to fluctuate with the international 
situation and the imperative needs of Soviet economy. The Soviets divide 
their iron and steel products into two broad categories, which they call 
ordinary and quality steel. The bulk of ordinary steel is consumed by 
heavy industry, railroads, and construction, whereas quality steel is de- 
voted almost entirely to the manufacture of machinery and munitions. 
This being the case, we would naturally expect that the share of quality 
steel in total steel production would fluctuate with the process of con- 
version to and reconversion from a war-oriented economy, and, in fact, 
the share rose and fell in a symmetrical curve, as we have shown in 
Chapter 1. For analogous reasons the share of alloyed rolled steel fluctu- 
ated with the production of munitions during and after the war. 

Unfortunately, the Russians stopped publishing data on steel con- 
sumption on a nationwide basis after 1947. Therefore, we have to rely 
on a few scattered figures to indicate the extent of Soviet conversion dur- 
ing the Cold War. The Kuznetsk combine in western Siberia is a small 
eross section of the Soviet iron and steel industry, which can be con- 
sidered representative. Kuznetsk boasted that during the Second World 
War, it had made enough shell steel for 100 million shells and enough 
tank steel for 50 thousand heavy tanks. In 1940, 12 per cent of the plant's 
rolled output was quality steel. By 1944, at the height of the war, the 
share had risen to 73 per cent. War damage to the economy was so 
tremendous, however, that the rehabilitation of railroads, highways, 
housing, and industrial plants could have been expected to consume all 
the ordinary rolled steel that the Soviet Union could possibly have pro- 
duced in the immediate postwar period. This is the explanation of 
Pravda’s report in 1945 that a large proportion of the output of the 
Kuznetsk iron and steel combine was henceforth to consist of railroad 
rails and structural steel. But six years later the Kuznetsk director re- 
ported a different story. The production of quality rolled metal had in- 
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creased in 1950 almost one and one-half times over 1946, and in the 
first half of 1951 it increased by another 35.6 per cent. Apparently, by 
1950-51 Kuznetsk was again devoting its major effort to the production 
of quality steel, an essential factor in military output. 

Soviet leaders may read wistfully in the American press of how the 
Americans can enjoy the double luxury of more guns and more butter, 
but they do not have to read Pravda to learn that their own military and 
nonmilitary demands for steel are directly competitive. Such being the 
case, they might welcome the opportunity to repeat the experience of 
1945-1947 and reduce the share of munitions in total steel consumption. 
"This conclusion gains support when we consider the problems they will 
face in the next decade or two if they try to maintain the present rate of 
expansion. In considering those problems, we shall focus our attention 
on three broad factors: labor supply, technical progress, and the natural 
resource base. Throughout we shall note that the availability of capital 
investment plays a particularly key role in permitting the exploitation of 
labor and natural resources to produce Soviet iron and steel. 

The rapid growth of the industrial labor force in recent years, which 
has been a topic of speculation for American scholars, indicates that the 
Soviets can rely on a steadily increasing supply of labor.5 How much of 
the total increase finds its way into the iron and steel industry depends 
primarily on government policy. At the present time, for example, there 
might be a net shift of labor into agriculture rather than the customary 
large outflow. Nevertheless, the iron and steel industry has always man- 
aged to get the unskilled labor it needed to carry out essential tasks. 
Rather than worry about total labor supplies, Soviet management has 
been and still is seriously concerned about training semiskilled and 
skilled workers for the industry. Managerial and educational leaders can- 
not afford to let industrial training slide. They are fully aware of the 
problem and have acquired a depth of experience and a well-organized 
and extensive system of industrial education both inside and outside the 
industry itself? Furthermore, compared to the requirements of other 
industries, the steel industry needs a relatively small nucleus of highly 
skilled operators. It is not likely, therefore, that labor shortages will con- 
stitute a serious bottleneck in the future expansion of Soviet steel. 

We have noted the remarkable and continuing improvements in the 
productivity of Soviet capital equipment. Much of the increase in pro- 
ductivity of both labor and equipment is dependent upon the develop- 
ment, adoption, and installation of new techniques. Probably the most 
important development in its total effect on productivity has been the 
conversion of blast and open-hearth furnaces and rolling mills to auto- 
matically controlled operation. The Soviets claim, for example, that 
automatic control of the heat of these furnaces has increased their pro- 
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ductivity 7 to 10 per cent and cut fuel consumption by 2 to 6 per cent. 
The use of oxygen in open-hearth furnaces developed rapidly following 
1946, and the 1955 Plan calls for its widespread adoption. The injection 
of pure oxygen cuts the total heat time as much as 40 per cent without 
lowering the quality of the steel. 

Without going into further detail, we can say that the spectacular 
technical progress of the Soviet iron and steel industry in recent years 
has been almost exclusively in the realm of adoption, modification, and 
improvement of inventions and innovations pioneered by the Western 
world, particularly the United States. However, the time lag between 
invention in the West and adoption in Russia has been steadily shorten- 
ing, and the next twenty years may even witness some major original 
contributions by the Soviets to the technology of iron and steel. In any 
case, they will always be able to stand on the broad shoulders of the 
capitalist world. Technical progress can be counted on, along with an 
expanding labor force, as a positive element in Soviet prospects." 

Against these positive elements we have to weigh the very serious 
limitations of the Soviet iron and steel industry's natural resource base. 
The most important raw materials consumed in the manufacture of iron 
and steel are limestone, manganese, coal, iron ore, and scrap metal. 
Limestone deposits are plentiful and widespread, and the USSR has 
three-quarters of the world's known supplies of manganese, which en- 
courages the Russians to use more of it than is normally used by Western 
nations in the production of iron and steel. The Soviet steel industry 
ordinarily consumes relatively little scrap metal. This is because, indus- 
trially speaking, the USSR is a young nation, lacking a large supply of 
obsolete capital equipment, which in the United States provides about 
half of the scrap consumed by the steel industry. In the Soviet Union the 
corresponding share is closer to one fifth. The United States, England, 
and Germany all have in the neighborhood of four times as big a scrap 
fund in relation to the demand for it as does the USSR. 

The Second World War, of course, provided the exception to the rule 
and greatly increased the role of scrap in Soviet steel production. In 
1950, when the supply of war scrap from World War II began to 
dwindle, intensive drives were organized to collect scrap needed for 
the Korean War. In 1939 scrap had made up only 25 to 30 per cent of 
the open-hearth mix, but thanks to the tremendous increase in scrap col- 
lections, Soviet open-hearth furnaces by 1951 were consuming about the 
same share of scrap as is customary in any industrially advanced country 
like the United States. The Russians could not, however, continue to 
scrape the bottom of the barrel indefinitely. In 1952, 1953, and 1954, the 
scrap collecting administration was taken to task for failure to fulfill its 
assignments, and the ratio of steel to pig iron production fell off. 
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This paucity of scrap forces the Russians to rely on pig iron for the 
manufacture of steel, and the basic ingredients for the smelting of pig 
iron are coking coal and iron ore. The economic importance of any coal 
basin depends not only on the quantity of its coal reserves, but also on 
the quality of the coke obtainable from the coal. The most important 
coking coal basin in Russia is the Donbass in the Ukraine, although it 
has many objectionable features. Donets coal has for a long time made 
the most sulphurous of any of the world's well-known metallurgical 
cokes. Furthermore, it contains more ash than does coke from Durham, 
the Ruhr, Silesia, and Pennsylvania. Another big drawback to Donets 
coal is its unfavorable deposition, which steadily increases the cost of 
mining. In spite of these disadvantages, the relatively favorable location 
of the Donets basin has resulted in its continued expansion under the 
Soviet regime. The Donbass reserves of coking coal, which have always 
been small, have been exploited rapidly. Soviet leaders have long been 
aware of the increasing shortage of the better grades of coking coal, but 
it was not until after the Second World War that they faced up to the 
problem. There is now a difference of opinion among Soviet scientists 
and technicians on how to solve it. One school believes that the use of 
low-grade Donets coal for coking will suffice, while another sees no sat- 
isfactory solution and resigns itself to a further shifting of the center 
of pig iron production to the east. 

The Kuznetsk basin in western Siberia is the second richest coal re- 
gion in the world, surpassed only by the Appalachians in the United 
States. Tremendous supplies are concentrated in a compact area. Coals 
of the Kuzbass yield good-quality, low-sulphur coke, whose principal 
drawback is friability. Not only is the quality of Kuzbass better than 
that of Donbass coke, but its very favorable deposition makes it also 
much more economical to mine. The reserves of the Kuzbass at first 
glance appear to be practically unlimited. Not until after the Second 
World War did we learn of a real shortage of Kuznetsk coking coal. We 
then discovered that the good-quality coking coals make up only a very 
small share of total coal supplies and that the better coals had been 
seriously depleted during the war. The only way out of the impasse has 
been to resort to more low-grade Kuznetsk coals, despite the objections 
of blast-furnace operators. 

The third most important coking coal basin is Karaganda in Kazakh- 
stan. It was opened up in the 19305 for use at Magnitogorsk, as a sub- 
stitute for Kuzbass coal, which had to be hauled a longer distance. 
The main problems of using Karaganda coal for coking arise from its 
extremely low quality, not from any apparent lack of quantity. Although 
not so bad as Donbass coal, Karaganda coal is very high in sulphur. But 
the main disadvantage of Karaganda coal is its very high ash content, 
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which makes the use of straight Karaganda coke in a blast furnace im- 
possible. In spite of the notable disadvantages of using it and its grcat 
distance from the Urals, the fact that the Kuzbass is even farther away 
has meant a steady increase in the share of Karaganda coal in the Mag- 
nitogorsk coke ovens. This share has reached the technical upper limit of 
40 per cent. 

The Kizel coal basin lies on the western slope of the Urals. The best 
coking coals of the basin average 25 per cent ash and 6.5 per cent 
sulphur, which precludes even the faintest possibility of using coke made 
from straight Kizel coals in blast furnaces. Nonetheless, the coal supply 
from outside sources to the Urals, particularly the northern Urals, is so 
expensive that continual efforts are made to use Kizel coal as one com- 
ponent of the mix for Urals metallurgical coke. The results have been 
disheartening. 

The inability to use large amounts of either Kizel or Karaganda coal 
in the coke mix of the Urals iron and steel plants has not only great 
economic but also strategic significance. If the Urals were to be cut off 
from their distant source of coking coal in the Kuznetsk basin of western 
Siberia, there would be little possibility of producing the high-quality 
sulphur-free pig iron required in modern machinery and armaments. 
This fact underlines the necessity of developing a new source of good 
coking coal for the Urals. The best possibility is the Pechora basin up 
above the Arctic Circle. The deposition of Pechora coal is more favorable 
than that of the Donbass. The sulphur content is high but not prohibi- 
tive. Great difficulties, however, come from the high content of ash and 
the arctic climate, which makes reduction of the ash very difficult. 
Pechora is connected to the Leningrad area by railroad and has been 
selected as the coal base for the new Northwest Iron and Steel Plant 
being built at Cherepovets, near Leningrad. The potential expansion of 
this works, however, is quite limited. Pechora has a much greater poten- 
tial as a coking coal base for the iron ore resources of the Urals. The 
difficulty of constructing a railroad goo airline miles long under the 
extremely harsh climatic and topographical conditions appears to be the 
main deterrent. I am convinced, nevertheless, that any sizable expansion 
of the Soviet iron and steel industry requires the smelting of Urals ore 
with Pechora coking coal. 

The total coal supplies in the outlying regions of eastern Siberia and 
the Far East are tremendous, but their poor quality has defeated at- 
tempts to use them for metallurgical coke and offers little encourage- 
ment for the future. Anything more than token development of iron 
smelting in either the Transcaucasus or Central Asia seems to be ruled 
out, both by the limited quantity and by the atrocious quality of their 
coking coal supplies. 
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As might be expected, the Soviets have turned to beneficiation to 
alleviate their growing shortage of good coking coal. Beneficiation elim- 
inates waste and harmful impurities and makes it easier to utilize lower- 
grade coals for coking, a process which is absolutely essential for the 
continued operation and growth of the Soviet iron and steel industry. 
Until the latter part of the Fourth Five Year Plan, the Soviet Union was 
quite backward in the extent to which it used beneficiation, compared to 
the Western world. Nonetheless, considerable progress has been made 
in recent years. The share of coal enriched jumped from 19 per cent in 
1940 to about 40 per cent in 1949 and has continued to increase in recent 
years. 

The influence of iron ore on industrial location and development has 
to be examined with an eye to both the chemical and the physical char- 
acteristics of some seventy-five deposits. The importance of a handful of 
these deposits, however, overshadows the rest. In 1940 63 per cent of the 
iron ore produced in Soviet Russia came from the mines of Krivoi Rog 
in the eastern Ukraine, which provides the basic ore supply for the south 
and supplementary supplies for the central region, as well as for satellite 
mills in eastern Europe. The iron content of Krivoi Rog ore is still high 
by European standards, and reserves are very large; but because of the 
rapid expansion of production since 1928, there has been a steady lower- 
ing of the quality of the ores used. To intensify the problem, Krivoi Rog 
ores are so fine and powdery that they need to have an especially high 
ore content to be practicable for blast-furnace smelting. The progressive 
worsening of the quality of Krivoi ore has been a compelling reason to 
prospect and develop new iron and steel centers outside of the south. 
Nonetheless, Krivoi Rog remains a bulwark of the Soviet iron and steel 
industry. Restoration began there as soon as the German army was 
driven out of the basin, and by September 1952 the average daily pro- 
duction had risen to almost 5o per cent over the prewar level. 

For almost half a century another southern deposit, on the Kerch 
Peninsula of the Crimea, has supplied in the neighborhood of 3 per cent 
of the Russian iron ore output. Reserves are enormous, but their iron 
content is low, averaging about 31 per cent, and the ores are full of 
harmful impurities, particularly arsenic. In physical composition Kerch 
ore is practically pure powder. These disadvantages make using Kerch 
ore to produce pig iron 40 per cent more costly than using Krivoi Rog 
ore. The Russians continue to use Kerch ore chiefly because they are 
running out of high-grade iron ore. 

The basic ore mass of the Urals, second in importance to Krivoi Rog 
among all Soviet deposits, is Magnitogorsk, which in 1937-38 produced 
one quarter of the USSR total. When the giant steel works began operat- 
ing in 1932, the impression was widely held that it could depend on a 
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practically unlimited supply of some of the world's best iron ore. Our 
present calculations now indicate, however, that at current rates of 
consumption the deposit will be exhausted by about 1978. This predic- 
tion is optimistic, because it would be difficult to utilize all of the re- 
maining ore. Recognition of this situation has resulted in attempts to 
develop poor and distant deposits to take the place of Magnitogorsk's 
original supply. 

The 1950 Plan called for 21 per cent of the nation's iron ore to bo 
produced from Urals deposits other than Magnitogorsk. Not one of these 
deposits is large enough to be described in this summary. Their gen. 
erally small size precludes large-scale and continued exploitation, but 
the large number and relatively high quality of these deposits make 
them the best prospects in the Soviet Union to meet the needs of expand- 
ing pig iron production in the near future. 

In recent years, local ores have been increasingly substituted for 
Magnitogorsk ore at the Kuznetsk works in western Siberia. The supplies 
of western Siberian ore are meager, low in iron content, and high in 
harmful impurities. By Soviet admission they will last only a few more 
years, and the zinc content is too high for efficient operations without 
significant additions of Magnitogorsk ore. It appears likely that Kuznetsk 
will eventually turn to the low-grade ores several hundred kilometers 
away in the Minusinsk Basin. The only other Soviet deposits now fur- 
nishing significant supplies of ore are found near Tula and Lipetsk, south 
of Moscow. Their iron content averages 37-40 per cent, and they are 
very expensive to mine. In 1950 they were to provide less than 3 per 
cent of national output, mostly for smelting high-silica foundry iron. 
The scattered low-grade deposits in the Leningrad region may not even 
meet the requirements of the new iron and steel plant now under con- 
struction. 

All of the Russian deposits not described in this summary were sched- 
uled to produce a total of less than 3 per cent of the nation's require- 
ments in 1950. For many reasons, peculiar to each deposit, none of these 
other deposits is likely to provide much help in meeting the growing 
needs for ore in the foreseeable future. The exception may be the ores of 
the Angara River basin. In spite of their poor quality and limited quantity, 
and their great distance from good coking coal, consumer markets, and 
transport facilities, the extreme shortage of preferable iron ores in the 
whole area from the Urals to the Pacific Ocean may force the Soviets to 
develop the Angara supplies. 

Faced with the necessity of utilizing lower-grade ores, the Russians 
have found a partial solution to the economic and technical problems 
involved in preparation of the ores preliminary to charging them into 
blast furnaces. In 1913 practically 100 per cent of Russian ore was 
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charged into the blast furnaces in a raw state, but by 1946 over four- 
fifths of the ore was treated in one way or another. Since 25 per cent 
of Magnitogorsk, 50 per cent of Krivoi Rog, and 100 per cent of Kerch 
ores consist of fines below ten millimeters in diameter, the Soviets have 
put heavy emphasis in recent years on agglomeration. 

Shortages of high-grade ore and good coking coal impose serious 
limitations on the expansion of the Soviet iron and steel industry, but, of 
course, these limitations are not absolute. They can be alleviated to some 
extent by massive investments in beneficiation and transportation facili- 
ties. Fortunately the United States is much better supplied than the 
USSR with good coking coal We are to a large extent meeting our 
shortage of good Lake Superior iron ore by importing high-grade foreign 
ores, but we also are attempting to utilize our low-grade domestic ores. 
The tremendous sums we are investing in facilities for the beneficiation 
of Minnesota taconite ores can give us an inkling of the much more 
serious task facing the Russians. 

On the basis of our brief rundown of certain key economic considera- 
tions, we conclude that continued expansion of Soviet steel production 
at the current rate of three or four million tons a year is possible only by 
means of immense capital investments. A cut in the consumption of steel 
by armaments would help the Russians avoid some of the technical and 
investment problems associated with further growth, and we have a 
strong suspicion that the leaders responsible for the expansion of the 
Soviet iron and steel industry would welcome such a reprieve. 


APPENDIX A ———— 


Organization of the Iron and Steel Industry 


In the introduction to this study we have urged readers not already 
familiar with the administration of Soviet industry to read this appendix, which 
will describe the organizational framework of the iron and steel industry. Cer- 
tain substantive economic problems that we deal with in the text have their 
roots in the industry's organizational structure. A survey of the functions and 
relationships of the various administrative units will facilitate understanding 
particularly of the discussions in which these units are continually mentioned. 
There is more than a modicum of truth in the following statement: “In pro- 
portion to the growth of socialist production, the successful decision of new 
economic tasks and the fate of the economic and political line of the Soviet 
government began to depend more and more on organizational work, and on 
the level of organizational direction."! 

First, however, a word of caution about what this appendix does not try 
to do. It is beyond the scope of this study to discuss the relationships between 
the Communist Party, the trade unions, and the industrial administration. No 
attempt is made to discuss incentives, social relations, and other problems of 
management and administration per se; and historical developments are re- 
ferred to only when they are required to clarify and explain the current or- 
ganizational relationships. These broader problems in their historical setting 
have been ably discussed elsewhere, and in respect to them iron and steel is 
much like any other Soviet industry.? 


The Administrative Hierarchy 


The administrative hierachy is divided into three major levels; first the 
Council of Ministers (formerly the Council of People's Commissars), second 
the Ministry of the Iron and Steel Industry, and third, the various producing 
enterprises (see Chart 1). Above this hierarchy final authority and responsi- 
bility rests in a legislative body, the Supreme Soviet of the USSR, the highest 
organ of state power. 

The work of all of the industrial ministries is directed by the Council of 
Ministers of the USSR, the highest executive and administrative agency of 
state power in the Soviet Union. It is appointed by the Supreme Soviet, and 
in the intervals between sessions of the Supreme Soviet, it is responsible to the 
Presidium of the Supreme Soviet. The council is made up of the various min- 
isters in charge of each major sector of the Soviet government, and it super- 
vises, leads, and co-ordinates the various branches of the economy. Sub- 
ordinate to the Council of Ministers are a number of sub-groups, which sup- 
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port it primarily in a staff capacity. The two most important sub-groups are 
the State Planning Commission of the USSR (Gosplan), and the Ministry for 
State Control. The Gosplan is the central organ for organizing and directing 
the entire planning system. It has its own central offices in Moscow and a net- 
work of territorial offices throughout the USSR, but in ils work relating to iron 
and steel it relies heavily on the planning agencies of the Ministry of Iron and 
Steel. The Ministry for State Control is in charge of general inspection of 
steel and other industries for the Council of Ministers. 


The Ministry 


At the head of the Ministry of Iron and Steel? is a minister who is re- 
sponsible to the Council of Ministers for the entire activity of the industry 
and especially for the fulfillment of the various plans. He appoints and dis- 
misses the directors of the subordinate units (chief administrations, depart- 
ments, trusts, enterprises) and issues orders to them. His three most impor- 
tant staff organizations are the Collegium of Iron and Steel, a Technical Coun- 
cil, and a Chief Inspection Office. The Collegium, which includes assistant 
ministers and a number of other important chiefs, is confirmed by the Council 
of Ministers of the USSR, and works under the minister's chairmanship. It 
discusses the production plan, its fulfillment, and managerial instructions, and 
is supposed to help the minister solve basic problems. The Technical Council 
exists to solve special production problems and to further the development of 
metallurgical technique. Directly subordinate to the minister is the Chief In- 
speclion Office, which has charge of verifying and overseeing fulfillment of the 
orders and plans. 

The central administrative apparatus of the Ministry of Iron and Steel con- 
sists of two types of organizational units: (1) production-territorial units, which 
control productive enterprises in particular districts or enterprises producing 
certain types of products, and (2) functional divisions, which supervise certain 
functional operations of an auxiliary nature, such as transport, personnel, sup- 
ply, planning, and so on. 

The production-territorial units are of two types, chief administrations 
(glavki) and trusts. The production of ordinary iron and steel (pig iron, steel, 
and rolled products) is directed by two chief administrations and one so- 
called Production Department. The dozens of iron and steel plants in the ter- 
ritory of European Russia stretching from Leningrad to the Black Sea are 
directed by the Chief Administration for the Iron and Steel Industry of the 
South and Center. The Chief Administration for Iron and Steel Industry of the 
Urals directs the operation of a number of small iron and steel plants in the 
Urals, operating wholly or in part on the basis of charcoal-smelted pig iron.* 
The remaining nine basic iron and steel plants in the east are supervised di- 
rectly by the ministry in the catch-all Production Department. These enter- 
prises are the Magnitogorsk combine (in the Urals), the Kuznetsk combine, 
and the nearby Gur'evsk plant in western Siberia, plus plants located at Ni- 
zhnii Tagil and Orsk-Khalilovo in the Urals, at Petrovsk and Komsomol'sk in 
eastern Siberia and the Far East, and two small plants in Kazakhstan and 
Uzbekistan. The following nine other chief administrations supervise plants 
Scattered all over the country, which produce particular types of raw materials 
or finished products. (1) Special Steel (Glavspetsstal') directs the operations 
of several plants producing high-grade steel, usually employing electric fur- 
naces. These enterprises include two of the biggest steel mills in the Soviet 
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Union, at Zaporozh'e and Cheliabinsk, as well as smaller plants in the south, 
center, and Urals. (2) Steel Pipe (Trubostal’) directs specialized pipe-casting 
and rolling plants in the south, center, and Urals. (3) Another chief adminis- 
tration directs all of the plants in the USSR that specialize in ferroalloy pro- 
duction. (4) A fourth chief administration directs a number of scattered 
small plants turning out metal articles (metizy) that approximate what Ameri- 
cans call builder's hardware. Plants devoted to the production of important raw 
materials are organized under the chief administrations for (5) Firebricks, (6) 
Ore, (7) Coke, (8) Timber, and (9) Mining. In a category all by itself, the 
Chief Administration for the Manufacture of Iron and Steel Mill Equipment 
directs plants specializing in the production of equipment used by the industry 
itself. Plants at Sverdlovsk in the Urals and Kramatorsk in the Ukraine are the 
two most important. 

All of the chief administrations mentioned above, except for ore and tim- 
ber, manage directly the subordinate enterprises operating in their field. Thus 
a three-link chain of command is typical (ministry-chief administration-opera- 
ting enterprise). The ore and timber administrations have additional links 
known as trusts. The former has five trusts, which supervise Urals ore, Krivoi 
Rog ore, manganese at Chiatura and Nikopol, and the mining of fluorspar. 
Subordinate to these trusts are mine administrations (rudoupravlenie and 
shakhtoupravlenie), which have direct charge of the individual producing 
mines. The timber administration has five trusts for timber production in the 
Urals, at Alapaevsk, Serov, Sverdlovsk, Chusovoi, and Cheliabinsk, and a trust 
for metallurgical woodworking. These six trusts direct timber camps and woad- 
working factories. 

In addition to the chief administrations enumerated above, there are four 
production trusts directly subordinate to the ministry and directly controlling 
their subordinate enterprises in a three-fold hierarchy: ministry—trust—enter- 
prise. These trusts are for (1) timber in the Moscow area, (2) electric power, 
(3) Donbass water supply, and (4) southern timber, and they might just as 
well have been called chief administrations. 

The functional units in the Ministry of Iron and Steel, unlike the produc- 
tion-territorial ones, have no direct administrative power over the operating 
plants in the field. They exist merely to serve the production-territorial chief 
administrations in a staff capacity. The functionalservice units fall into two 
categories. The first includes the functional chief administrations for (1) per- 
sonnel and pay, (2) procurement, (3) worker supply, (4) equipment supply, 
(5) electric power, (6) mechanics, (7) transport, (8) schools, (9) geological 
research, (10) capital construction, (11) iron and steel sales, and (12) collec- 
tion and preparation of ferrous scrap metal. The second group of functional 
units includes departments of (1) planning, (2) finance, (3) technique, (4) 
personnel (5) timber technology, (6) consumer goods, (7) housing (chief 
legal consultant), (8) telecommunications (the office of), (9) mining techni- 
cal inspection, and (10) arbitration. It also includes the (11) foreign group, 
(12) central archives, (13) office administration, and (14) metallurgical press. 


Malaia Metallurgiia 

By no means all of Russia's steel-making facilities lie within the jurisdiction 
of the Ministry of Iron and Steel. About one-fifth of the country's ingot ca- 
pacity and about one-sixth of its rolled products capacity is to be found in 
machine-building plants of other ministries. These machinery plants with their 
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own open-hearth furnaces and rolling mills are referred to as malaia metal- 
lurgiia, or “small-scale iron and steel making.” 

As indicated in Table 41, the production of pig iron in blast furnaces out- 
side the jurisdiction of the Ministry of Iron and Steel has been insignificant. 
This is understandable in terms of the large capacity and the inflexibility of 
blast-furnace operations. Ever since tsarist times it has proven more economi- 
cal for the machinery plants to purchase whatever blast-furnace iron they re- 
quire from the big steel plants. On the other hand, the machine-building plants 
have found it expedient to produce a large part of their steel ingot require- 
ments in their own small open-hearth, electric, and Bessemer furnaces. By 
producing their own steel, they are better able to meet special demands for 
steel castings and ingots for their small rolling mills. They are less liable to 
shut down from lack of basic raw steel. Most of these machine-building works 
are located in the Moscow-Leningrad-Gorkii area, where little pig iron is pro- 
duced. Scrap supplies in the area, however, are relatively abundant; the ma- 
chine-building plants utilize scrap that they themselves generate. Hence their 
steel smelters consume a much larger proportion of scrap than pig iron. As a 
consequence, malaia metallurgiia has produced a remarkably stable share of 
the total Soviet steel output, close to 20 per cent year after year. 

The same reasons explain why machinery plants continue in a large degree 
to "roll their own." Technical improvements in rolling-mill operations have 
heralded a worldwide trend toward the substitution of rolled parts for stamp- 
ings, forgings, and castings in the manufacture of fabricated steel products. 
This may in part explain why the output of rolled products in machine- 


TABLE 41 


METAL PRODUCTION IN MACHINE-BUILDING PLANTS 
OUTSIDE THE MINISTRY OF IRON AND STEEL, 
1937, 1940, AND 1950 


Pig iron Steel Rolled metal 


(Per cent (Per cent (Per cent 
(tons) of USSR) (tons) of USSR) (tons) of USSR) 


1937. 394,300 2.7 3,821,600 21.5 1,922,000 14.8 
1940......... 400,000 2.7 3,600,000 19.7 2,000,000 15.3 
1950 (Plan)... 400,000 2.1 5,000,000 19.7 1,200,000 6.8 
1950 (actual) 100,000 0.5 4,700,000 17.2 3,600,000 17.3 


Sources: The 1937 figures are from Gosplan, Tretil piatiletnii plan raxvítiia narodnogo khozi- 
atstua soiuza SSR (Moscow, 1939), p. 203. The 1940 and the 1950 Plan figures nre derived 
from Zasedanila verkhovnogo soveta SSSR (pervaia sessiia) 12-19 marta, 1946 g. stenograficheskii 
otchct (Moscow, 1948), p. 144. For the 1950 results, see Pravda, Apri] 17, 1951. 


building plants increased rather than decreased in 1950 compared to 1940. 
The Fourth Five Year Plan called for malaia metallurgiia to turn out only 6.8 
per cent of the total rolled products, but in fact it produced somewhat more 
than its customary 15 per cent. 

The exceptionally high ratio of steel-ingot to rolled-stee! production in the 
machine-building industry is due partly to the recicling of scrap generated by 
the rolling process, and partly to the fact that much steel in processed directly 
into castings and forgings. Since prerevalutionary times, the Russians have not 
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included the bulk of castings and forgings in the category of iron and steel 
products, but have reported them either as foundry products or as integral 
parts of finished machinery. This point may seem obvious, but, as will be shown 
below, it has caused some confusion in the interpretation of Soviet statistics. 


The Enterprise 

We have described the organization and principal functions of the two top 
levels in the administrative hierarchy, the Council of Ministers and the Ministry 
of Iron and Steel. At the base of the pyramid is the third level, comprising the 
various producing units or enterprises, which may be a trust (Krivoi Rog ore), 
a combine (Magnitogorsk), or an individual iron and steel plant (Makeevka). 
Each enterprise is a legal entity, operating under a separate charter with ad- 
ministrative control in the hands of a director. Each enterprise has its own 
working and fixed capital and also its own checking account in the local branch 
of the State Bank, through which must pass the bulk of its receipts from sales 
and expenditures. "Thus in the USSR the industrial enterprise is an independ- 
ent production unit emploving cost accounting, with an independent financial 
balance, and operating in conformity with an over-all state production plan." € 

On the basis of technical complexity, iron and steel plants may be cate- 
gorized into three types: simple, complex, and combined. (1) The simple 
plant has only one type of production unit, for example, only blast furnaces, 
or open-hearths, or rolling mills, or pipe-rolling shops, and it sells its basic 
product to other enterprises for further processing. (2) The complex enter- 
prise includes more than one production process but is confined to only one 
branch of the industry, for example, an enterprise with blast furnaces, open- 
hearths, and rolling mills, or any two of these three types of equipment. Works 
with all three basic-products units are called integrated or works with a com- 
plete metallurgical cycle. Those without blast furnaces are called conversion 
works. (3) A combined plant is a technical-economic unit that includes dif- 
ferent branches of production, such as iron ore mines, coke-chemical produc- 
tion, cement, metal fabrication, machine building, and so on. 

The typical integrated firm in the USSR turns out a surplus of pig iron, 
steel ingots, and billets for rolling. On the other hand, the conversion works, 
as well as the machine-building and malaia metallurgiia works mentioned 
above, lacking blast furnaces, have to purchase pig iron. The conversion and 
malaia metallurgiia works need conversion iron to make steel, while the 
machine-building works need both conversion iron for steel and foundry iron 
for castings. The following discussion will center around a "typical" fully in- 
tegrated works of the complex type. 

The key personnel in the hierarchy of an enterprise are the director, the 
shop chiefs, the foremen, and the brigade leaders. The director normally has 
full administrative power within the iron and steel plant. He ordinarily selects 
all basic personnel, but his authority is sometimes bypassed. The Commissariat 
(now Ministry) of Iron and Steel in 1940 directly appointed the superinten- 
dents of all its firm's metallurgical departments.? The director is supposed to 
bear full responsibility for the work of the enterprise as a whole, within the 
framework of the tasks set for him by the state plans. His first assistant is the 
chief engineer, who shares with him the responsibility for the work of the en- 
tire enterprise. The chief engineer has direct responsibility for the day-to-day 
operation of both the production and the auxiliary shops. The director has 
other assistants, for commercial work (comptroller), construction, and various 
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phases of personnel administration. Shop chiefs are directly subordinate to the 
director and the chief engineer; they supervise the economic and technical 
operations of each one of their shops (e.g., blast-furnace shops). The foreman 
direets a section within the shop; he is subordinate to the shop chief and re- 
sponsible to him for the work done. The brigade leader assists the foreman by 
directing and working with a brigade (group of workers). He gives them in- 
struction and technical aid in their production tasks. 

The duties of the staff organizations depend on the size of the operational 
unit to which they are attached. At the bottom level, the brigade, the adminis- 
trative functions are so simple that the brigade leader performs most of them 
himself; but on the top level, director of the enterprise has a complicated staff 
organization, as well as a number of assistants to help him carry out his basic 
tasks. The planning department drafts current and prospective plans for the 
enterprise, accepts orders, calculates costs, and analyzes the economic activity 
of the firm. This long-range planning must be distinguished from current op- 
erational planning and work-scheduling, which is done by the production 
department under the chief engineer. The financial department conducts day- 
to-day financial operations with the local branch of the State Bank and audits 
and inspects financial expenditures and receipts of the enterprise. The person- 
nel department keeps the personnel records, has charge of hiring and firing, 
training, and discipline. The assistant director for labor and personnel may 
also have charge of the labor and payroll department. The department of 
technical control has charge of inspection and quality control. An assistant 
director for capital construction has charge of such things as construction or 
reconstruction of furnaces, although much of the new plant building is car- 
ried on by outside organizations. The relationship and main functions of these 
organizations may be clarified by a study of Chart 2, which shows the adminis- 
trative organization of a typical iron and steel plant, such as those at Makeevka, 
Enakievo, Zlatoust, Dnepropetrovsk, and Dneprodzerzhinsk. 

The auxiliary and production shops of an iron and steel plant, with which 
we are most concerned, are directed by the chief engineer. He is helped in 
operating these shops by the safety department and by an assistant chief en- 
gineer, who is in charge of planning technical production. Each shop has staff 
organizations similar to those described for the enterprise as a whole, but shop 
staffs are smaller and simpler. 

The work of the typical fully integrated iron and steel plant is carried on 
by some forty shops, each of which falls into one of four main groups: basic 
production shops (tsekhi osnovnogo proizvodstva), auxiliary shops (tsekhi pod- 
sobnogo proizvodstva), by-product shops (tsekhi pobochnogo proizvodstva), 
and service shops (vspomogatel'nye tsekhi).8 Auxiliary shops furnish certain 
important raw materials and supplies to the production shops; they include 
shops preparing firebrick, non-ore raw materials, calcinated lime and dolomite, 
woodworking and charcoal burning, iron and steel scrap, and sometimes they 
include shops for preparation of packing materials, as in ferroalloy plants. 
The coke plants and ore mines of combined works also fall into this category. 
Ordinarily coke-chemical plants are set up as separate enterprises, even though 
they are contiguous to iron and steel works. With rare exceptions, the same 
applies to ore mines. By-product shops, as the name implies, work up by- 
products of the production operations. In particular, they work up blast-furnace 
and steel-plant slag or waste metal. Included are shops for slag cement, slag 
bricks or cinder blocks, slag wool, metal products made out of scrap, and es- 
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Chart 2. Organization of an iron and steel plant 
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pecially consumers' goods. If these by-product shops are of any size, their out- 
put is reported not with that of the iron and steel plant to which they are 
attached but as part of another industry, such as firebrick, lumber, cement, or 
coke-chemical. Service shops fall into three categories: (1) energy plants, in- 
cluding steam-boilers, electricity-generating stations, air-blowers, compressors, 
water pumps, gas-generating and gas-cleaning stations; (2) metal-working re- 
pair shops, including several types of foundry work, welding, electrical and 
various equipment repair shops; and (3) structural-repair shops, particularly 
units for the repair of blast-furnaces and steel-smelting furnaces. Intra-works 
transport occupies a special place among the service "shops." Works railways 
are organized as a separate shop with separate departments for maintaining 
roadbed and other functions, and the same is true of other types of transport, 
such as trucking. 

This whole elaborate organization is designed for one major purpose, to 
facilitate the operation of five basic production shops: (1) blast furnace, (2) 
stecl-smelting, which includes open-hearth and electric furnaces and Bessemer 
and Thomas converters, (3) rolling mills, (4) pipe rolling, and (5) precision 
shops. 

The only foundry work ordinarily performed by an iron and steel works is 
the small-scale casting operations required as part of the normal repair work 
of the repair shops. When malaia metallurgiia plants smelt steel in their own 
furnaces and pour the molten metal directly into castings, they, of course, in- 
clude the amounts thus cast as part of total steel production, but most iron 
and steel castings have not, even in tsarist times, been reported as part of the 
production of the iron and steel industry. 


Works Planning and Programming 


In order to understand how such a large and complicated organization op- 
erates, those readers not already familiar with Soviet industry may be helped 
by a brief description of planning and production programming within the 
"typical" iron and steel plant. In the brief space that can be devoted to it here, 
the coverage must of necessity be superficial. Those interested in a long, de- 
tailed, and informative discussion are referred to the book by Riabin'kii cited 
in the bibliography.? 

Soviet industrial plans are differentiated according to the time span in- 
volved: there are monthly, quarterly, annual, and five year plans. Occasionally, 
other plans for longer periods or special purposes include segments of the iron 
and steel industry. Five year plans are grandiose and allow for the develop- 
ment of new mineral deposits, new railroads, canals, and other projects requir- 
ing long periods for their completion. In the plans drawn up for particular 
years, the general prescriptions of the five year plans are made much more 
precise and are inevitably modified. For this reason, it is important to deter- 
mine whether a statement like "production for 1950 was above plan" refers to 
the goals for 1950 as set up in the Fourth Five Year Plan as announced in 
1946, or to the annual plan for 1950 as decreed at the end of 1949. The an- 
nual plans go into much more detail, and the industrial managers are legally 
obligated to carry them out. The annual plan is broken down in full detail into 
quarterly plans, which because of seasonal and other factors are never simply 
the totals of the annual plan divided by four. In the quarterly plans, produc- 
tion targets are broken down into monthly components. However, monthly 
plans for labor, costs, and so forth are not set up. 
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Steps in the Development of a Production Plan 


At the present time the sequence and the complicated procedures of plan- 
ning are decreed by the Council of Ministers. The council itself reviews and 
approves the statewide plan of economic development, the state plan of supply, 
the special plan for development and introduction of new techniques, and 
the norms for the consumption of raw materials, fuel, and electricity that are 
prepared by various organizations. The Council of Ministers also approves the 
national financial plan drawn up by the Ministry of Finance and the State 
Planning Commission. Last but not least, the council has to approve the sepa- 
rate plans of each ministry, including that of iron and steel, in both annual 
and quarterly breakdowns. Before they are submitted to the council, enterprise 
plans must be approved by the Ministry of Iron and Steel and by the Council 
of Ministers of the republic in which each enterprise is located. 

The enterprise plans are submitted first to the chief administration of the 
enterprise for co-ordination and approval. They are then sent up to the mini- 
stry that adjusts the proposed plan to correspond with the stated demands of 
the various consumers, as indicated in their own plans. Here adjustments are 
also made to conform with the planned output of fuel, iron ore, coke, and so 
forth, information which has to be furnished by other branches of industry. 
These plans are then pushed up the line to the higher administrative organs 
for approval, in accordance with a prearranged time schedule, starting the first 
of August for annual plans going into effect the following January. 

Adjustments are made at the top level of the Council of Ministers, and 
their basic directives outlining various phases of the plan (such as output, 
apital, construction, costs, and technical coefficients) are sent down the line 
again. In accordance with these directives, each enterprise has to make up its 
own tekhpromfinplan (the Russian abbreviation for "technical-industrial-finan- 
cial plan") in detail, and these are then sent to the ministry for adjustment 
and final approval. The incredible amount of paper work involved in this se- 
quence of events can be better appreciated if we consider that, in the process 
of becoming a finally approved plan, a general directive must pass through the 
complete administrative hierarchy five times. 


Planning within the Enterprise 


Within the enterprise there are two types of planning — so-called technical- 
economic, and operative daily production planning. The former is involved 
with drawing up the tekhpromfinplan. It contains seven basic sections: (1) 
the production program, setting up output targets in both physical and value 
units, (2) the labor plan in terms of input-output and the wage-bill, (3) the 
plan of material-technical supply, including consumption and inventories of 
raw materials, fuel, replaced equipment, and so on, (5) detailed cost calcula- 
tions, and (6) the financial plan of the enterprise, including its balance sheet, 
as well as all anticipated money receipts and expenditures. In order to stimu- 
late continual improvement in production methods, there has recently been re- 
quired an "organizationaliechnical improvement" plan (7), in which the 
enterprise must describe in detail a list of innovations it plans to introduce 
during the planning period. The open-hearth shop, for example, might plan 
to increase its supply of ingot molds by 100 units during the month of Feb- 
ruary, which should increase the productivity of the furnaces by 3 per cent at 
a cost of 20,000 rubles. The chief mechanic and foreman of the open-hearth 


APPENDIX A 289 


shop would be given responsibility in the plan for seeing that this part of it 
is canied out,!° Preparation of the tekhpromfinplan is the responsibility of the 
planning department, while day-to-day production planning is carried on by 
the production department, under the supervision of the chief engineer. 

On the basis of the production plan, the current production program is 
prepared for all shops and major pieces of equipment. These programs are 
prepared for monthly and weekly periods, with breakdowns for each day. The 
monthly program is spelled out in three dimensions. First, the orders received 
from the sales office are arranged and classified by size, grade, type of product, 
and customer. Then a production program is set up for each shop and piece 
of equipment concerned with filling the orders, and, third, the work to be done 
is set forth in detail for each week and each day. 

During the 1930's the Russians learned from bitter experience that the only 
way to plan production consistently is on the basis of input-output estimates, 
which in turn depend on an accurate knowledge of technical production func- 
tions. It is obvious that in order to turn out a million tons of rolled steel, the 
plant director must know how much ingot stcel, scrap, iron ore, labor, equip- 
ment, and so forth is required. Within the plant this information has been 
developed in the greatest detail imaginable. Since 1937 these estimates have 
been made at all levels of economic administration, culminating in the five 
year plans for the national economy as a whole. It is called the "method of 
planned balances." The closest approximation in American experience is the 
Controlled Materials Plan, or C.M.P., developed during the Second World 
War to channel certain vital war materials into essential production. The Rus- 
sians, however, apply the method to practically all industrial materials of what- 
ever nature, as well as to capital equipment, labor, and other factors of 
production. 


Organization of Technical Research and Development 


Metallurgical research is carried on both inside and outside of the iron and 
steel ministry.!! One of the two leading Soviet metallurgists, I. P. Bardin, is 
vice-president of the Academy of Sciences of the USSR. Four of the eight 
divisions of the academy, namely, the divisions of chemistry, geology and geog- 
raphy, technical science, and economics and Jaw, engage in research of im- 
portance to the iron and steel industry. Each division is made up of institutes 
and commissions which study special problems; for example, a special insti- 
tute on automation and telemechanics serves the iron and steel industry as 
well as others. The academy has one of the best-equipped institutes in the 
world in the Moscow Institute of Iron, wbich has a branch in the Urals. Ten 
or more universities also carry on research in iron and steel Some of these 
universities are under the direction of the Ministry of Iron and Steel. Exten- 
sive metallurgical research is also undertaken by industrial organizations in the 
field outside the iron and steel ministry, such as the Moscow Aviation Institute 
and the Urals Industrial Institute. Consumers of steel are active in promoting 
improvements in the quality of the products they buy from the iron and steel 
industry. 

Most Russian research in ferrous metallurgy is carried on within the minis- 
try itself, Over-all responsibility for research rests in the Technical Council. 
The ministry has at least eight research institutes, the main one located in 
Moscow, with others in Sverdlovsk, Stalinsk, Dnepropetrovsk, and other cities. 
Specialized institutes, such as the Pipe Institute (NITI) and the All-Union 
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Fire-Brick Institute, promote research in important sectors of the industry. 
Finally, three institutes not only carry on research and development in new 
types of equipment but also develop long-term plans for capital investment in 
the industry. They are the State Institute for Planning Iron and Steel Works 
(Gipromez), and two institutes for planning steel works, Giprostal' and Stal- 
proekt.!? 

Less well known, but very important in terms of practical developments 
actually adopted, is the technical research of the plant laboratories. Their 
work had a powerful advocate, the best-known and certainly the most out- 
spoken of Soviet steel mill directors, Gregory Nosov of Magnitogorsk. Com- 
plaining that Soviet scientists who work in the upper-echelon research 
organizations were unfamiliar with practice, he declared that, 


A most striking example is steel metallurgy. Up to the present time there has 
been no unified leadership in this field which in any degree whatsoever measures up 
to the development of our iron and steel industry . . . [The German and American 
textbooks] are uncritically accepted . . . The training of scientific personnel in 
metallurgy is a neglected sector. The proposal to train experienced engineers as 
Scientific workers meets blind resistance from the faculties . . . The Technical Coun- 
cil of the Ministry, headed by Comrade Revdel, has not yet found its place in the 


struggle for technical progress.13 


Nosov could afford to be critical, in view of the continuing technical progress 
exhibited by the Magnitogorsk combine under his leadership, sometimes car- 
ried out in spite of the attitude of the Ministry of Iron and Steel (see Chap- 
ter 9). Nosov advocated the further improvement of plant laboratories and the 
founding of research institutes within the gates of the large iron and steel 
plants, close to the technical problems that had to be solved. 

The reader, however, must not judge the quality of Soviet metallurgical 
research by one such outburst of "self-criticism." Seventeen Soviet technical 
journals are annotated in the “A.S.M. Review of Metal Literature" and the 
American editors have this to say: "Regardless of the accuracy of any particu- 
lar claim to priority, the Russian metallurgists are currently turning out some 
important research . . . The American metallurgist should not blind himself 
to a vast and varied amount of research and development being carried on 


throughout Eurasia.” 14 
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Alphabetical List of Soviet Iron and Steel 
Plants with Ther Main Characteristics 


The purpose of this appendix is to enable the reader to find at a glance 
the main characteristics of any Soviet iron and steel mill. With this in mind 
the list has been arranged alphabetically according to geographical location. 
Included are all of the plants of the Ministry of Iron and Steel and a number 
of others designed principally for the manufacture of machinery, but having 
iron and steel making facilities large enough to offer rolled products for sale. 
To keep the list from becoming too cumbersome words have been eliminated 
and abbreviations used wherever feasible. 

Following the present place name (and former names if they have recently 
been changed), there are given the geographical region and the latitude and 
longitude of the town or city in which the plant is located. Most big plants 
have been named in honor of some famous Communist, whose name is given 
along with any other designation by which the plant is known. At this point 
the reader should be warned that many different plants have been named after 
the same person, Stalin himself having bestowed the prestige of his name on 
no less than seven plants. 

Next, some of the most important products turned out in 1950 are enu- 
merated. This list of products is by no means all-inclusive, especially since 
many of the western plants were only partially reconstructed at that time. The 
most indicative characteristic of any steel plant is the presence (or absence) 
of blast furnaces. Blast furnaces are identified by number, and the capacity in 
cubic meters (m?) of each furnace is given. Parentheses around the capacity 
of any furnace indicate that I do not know the capacity of the furnace follow- 
ing its postwar reconstruction, and have therefore given the figure for 1940. 
Indicated next is the type of steel-making furnace, if any, followed by a list 
of the main rolling mills. In cases where postwar information is available, the 
diameter of the rolls in millimeters is given. The presence of other major pro- 
ducing equipment, such as foundries, is also mentioned. Miscellaneous informa- 
tion is included only where it is absolutely essential. 

The data have been gleaned from a card index containing literally thou- 
sands of individual entries. I have been forced, therefore, to depart from the 
general rule of indicating all sources of information. Suffice it to say that all 
of the data have been taken from postwar Soviet sources, except in a few 
clearly indicated cases where I have relied on Soviet material published before 
1940. The information presented here refers to the situation in 1950, except 
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where other dates arc specifically indicated. I wish to thank Theodore Shabad 
for his valuable advice on a number of points. 


Aktiubinsk in Kazakhstan at southern tip of Urals (50°17’N, 57?14/E). 
Ferroalloy plant built during World War II. Principal product: ferrochrome. 
Two electric furnace shops. Coal and chrome ore from nearby Kurashasaiskii 
and Khrom-Tau mines. 

Alapaevsk in north central Urals (57°51/N, 61°43’E). Principal products: 
charcoal pig iron, sheet iron. One blast furnace: No. 1, 200m?. Consumes local 
ore and charcoal. One open-hearth shop. Sheet rolling mills and section mills. 

Almaznaia in the Donbass (48°31/N, 38?35/E). Principal product: high- 
grade pig iron. Two blast furnaces: No. 2, (393) m*; No. 3, (454) m3. Only 
No. 2 restored through 1948. Consume local coal and Krivoi Rog ore. No steel 
furnaces or rolling mills. 

Asha in southern Urals (55°00’N, 57°17’E). Principal products: charcoal 
pig iron, steel ingots. Two blast furnaces: No. 1, 157m?; No. 2, 166m?. Con- 
sume local charcoal and Bakal iron ore. One open-hearth shop. No rolling mills. 

Begovat in Uzbekistan in central Asia (approximately 40°12’N, 69°30’E). 
Principal products: sheet, smal] sections, wire, rods. No blast furnaces. One 
open-hearth shop with three furnaces. Three smal] rolling mills, one of 300 mm. 

Beloretsk in southern Urals (53°58’N, 58^25'E). Principal products: wire, 
cable, nails, builder's hardware. Two blast furnaces: No. 1, 184m?; No. 2, 
139m. Consume local charcoal and iron ore. One open-hearth shop. Small 
blooming mill, billet mill, roofing (sheet) mills, wire, and cable mills. The 
small rolling mill at Tirlianskii, 30 kilometers northeast, is apparently part of 
the Beloretsk enterprise. 

Bezhitsa (formerly Ordzhonikidzegrad) in western region (53°19’N, 
34^1i9'E). Called Krasnyi Profintern. Basically a locomotive-building works, 
but also has a steel-pipe foundry. 

Chebarkul’ in southern Urals (54^57'N, 60?20'E). Principal products: forg- 
ings, high-quality precision products. Little known about its equipment, which 
was evacuated from the west and set up during World War II. 

Cheliabinsk in southern Urals (55?10'N, 61?25/E). Named after Kirov. 
Called Cheliabinsk Iron and Steel Plant. First steel smelted in April 1943. 
Principal products: high-quality, special rolled steels for munitions and machine 
building. Three blast furnaces: No. 1, 1,000m*; No. 2, 1,000m?; No. 3, 1,000m3 
(probably a fourth built since 1950). Consume Kuzbass coking coal and Bakal 
iron ore. Two open-hearth shops with 13 furnaces, 2 electric steel-smelting 
shops with 10 large furnaces, 2 blooming mills, billet and section mills. Plant 
is 10 kilometers northeast of Cheliabinsk on the right bank of Miass River. 

Cheliabinsk (same location) ferroalloy plant. Principal products: ferro- 
chrome, ferromanganese, ferrosilicon, silicoalumina, silicocalcium, other ferro- 
alloys. About 20 electric furnaces. Local lignite for generation of power. Bakal 
quartzite for ferrosilicon. Nearby tungsten and chrome ores. 

Cheliabinsk (same location) pipe-rolling plant. Principal products: a wide 
range of rolled pipe. One open-hearth shop, pipe, and tube mills. 

Cherepovets in northwest region (59°08’N, 37°56’E). Called the North- 
west Iron and Steel Plant. Scheduled for first operation in 1952 (still under 
construction). The recommended plan calls for a wide range of rolled iron 
and steel, primarily of the "ordinary" category, plus 210,000 tons of pig iron for 
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sale. Two blast furnaces: No. 1, 1,300m?; No. 2, 1,300m?, to produce 1,200,000 
tons of conversion iron. Two open-hearth shops with 14-15 furnaces, each 
with capacity of 300-350 tons. Total production: 2,000,000 or 2,200.000 tons 
of steel. Blooming tandem mill of 1,150 and goo mm, plus undecided number 
of finishing mills to roll 1,600,000 tons a year. Construction was not 
scheduled to begin until 1948 and no progress renorts have been received. 
However, in a list of construction organizations published in November 1952 
we find one for this plant. 

Chermoz in north central Urals (58?47/N, 56°10’E). Principal products: 
sheet (roofing), wire. Charcoal blast furnace shut down in 1930's. One open- 
hearth shop. Small sheet and wire mills. 

Chernaia Kholunitsa in northwestern Urals (58°51/N. 51?44/E). Principal 
product: builder's hardware. Old charcoal furnace shut down in 1930's. 

Chusovoi in northwestern Urals (58°18’N, 57°50’E). Principal products: 
billets. beams. channels, angles, squares, sheet, thin plate, springs, ferrovana- 
dium. Three blast furnaces: No. 1, 206m3; No. 2-bis, 600m?; No. 3. 254m3. Con- 
sume local charcoal and coke from Kemerovo in western Siberia. One 
open-hearth shop. One duplex shop with Bessemer converters for recovery of 
vanadium slag, which is then worked up in a ferroalloy shop. One 800 mm 
billet mill, one 550 mm large section mill, one 470 mm spring mill, one 250 
mm section mill. and one 650 mm thin plate mill. 

Dneprodzerzhinsk in Ukraine (Dnepr Group) (48°31’N, a4?38'E). Named 
after Dzerzhinskii. Principal products: blooms, beams, rails, bars, rounds, 
squares, angles. channels, sheet, plate. Four blast furnaces: No. 1. (427)m*; 
No. 6, 930m?: No. 7, 945m3; No. 8, 1,100m?. Consume coke from local works 
and from Gorlovka in Donbass, and iron ore from Krivoi Rog. Two large onen- 
hearth shops, one Bessemer shop for rail steel, blooming mill, rail mill, medium 
section mill of 500 mm, small section mills (280, 330 mm), sheet mill, wire 
mill. universal mill. 

Dnepropetrovsk in Ukraine, Dnepr Group (48?28'N. 35?02'E). Called the 
Dnepropetrovsk Metallurgical Equipment Plant (DZMO). Named after Kha- 
taevich. Principal product: machinerv. It had, before World War II. two blast 
furnaces: No. 1, 480m3; No. 2, 217m?. Consumed Donbass coke and Krivoi Rog 
ore. A very smal}, antiquated, open-hearth shop. No indication that this wor!.s 
has been reconstructed since the war. Conceivably the name has been changed, 
or been combined with another local plant. 

Dnepropetrovsk (same location). Named after Kirov. Principal products: 
rolled pipe, wire. No blast furnaces. One open-hearth shop and rolling mills. 

Dnepropetrovsk (same location). Called "Komintern" Plant. Formerly Sho- 
duar "B." Principal products: bars, rounds, squares, sheet, tinplate. No blast 
furnaces. One open-hearth shop, small section mill (260 mm), and sheet mill. 

Dnepropetrovsk (same location). Named after Lenin. Formerly Shoduar 
“A.” Principal products: welded pipe, seamless tube, wire, sheet. No blast 
furnaces. Open-hearth shop. Seamless tube shop, electric pipe-welding shop, 
billet mill, universal mill, wire-drawing mill. sheet-rolling shop. 

Dnepropetrovsk (same location). Named after Karl Liebknecht. Formerly 
Gantke. Principal products: oil pipe, rolled wheels. No blast furnaces. Two 
open-hearth shops. Billet mill, sheet mill, Mannesman pipe mill, wheel-rolling 
shop. s - 

Dnepropetrovsk (same location). Named after Molotov. Principal products: 
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semi-fabricated sections for steel construction, such as bridges and towers. No 
blast furnaces. 

Dnepropetrovsk (same location). Named after Petrovskii. Formerly Briansk- 
Alexander. Principal products: blooms, rails, beams, rounds, angles, channels, 
plate, sheet. Five blast furnaces: No. 1, (440)m?; No. 2, 652m*; No. 3, 
(643) m*; No. 4, (643)m3; No. 5, (688) m?. Only Nos. 4 and 5 were restored 
by January 1, 1949. They consume local coke made from Donbass coal and 
Krivoi Rog ore. Three open-hearth shops and one Bessemer shop. Blooming 
mill, medium section mill, plate and sheet mills. 

Dobrianka in northwestern Urals (58°27’N, 56°25’E). Principal products: 
plate, sheet. No blast furnaces. Open-hearth shop. Plate and sheet mills. 

Elektrostal' centra! region, Moscow Oblast (55°48’N, 38°27’E). Principal 
products: high-quality rolled steels, including billets, rounds, squares, sheet, 
strip, plate. No blast furnaces. Two electric furnace shops use peat-generated 
power. Large section mill (500 mm) and small section mill (300 mm). Forg- 
ing and foundry shops. Elektrostal’ also has a branch of the Kramatorsk Heavy 
Machinery Plant (presumably since evacuation in World War II). 

Enakievo, formerly Ordzhonikidze, Rykovo, in Donbass (48?14'N, 
38°13’E). Formerly Soc. Met. Russo-Belge. Principal products: billets, beams, 
channels, rails, rounds, squares, bars, angles, sheet. Six blast furnaces: 
No. 1, 457m*; No. 2, (393)m?*; No. 3, 791m8; No. 4, (461)m?*; No. s, 
(778) m3; No. 6, (202) m*. Numbers 2 and 5 not restored by January 1, 1949. 
Consume local coke and Krivoi Rog ore. Open-hearth shop, new Bessemer 
shop for rail steel. Blooming mill, rail mill, large section mill (550 mm), 
small section mills (360 and 280 mm), and sheet mills. 

Gorkii in upper Volga region (56°19’N, 44?oo'E). Principal product: 
plate. No blast furnaces. Open-hearth shop. Universal mill. 

Gorkii (same location). Named after Zhdanov. Called Krasnoe Sormovo 
machinery plant. Principal products: machinery, billets, rounds, plates, 
squares, angles, heavy sheet. No blast furnaces. Has a large section mill (700 
mm), medium section mill (510 mm), and small section mill (350 mm). 

Gur'evsk in western Siberia, Kuzbass (54^17'N, 85°56’E). Principal prod- 
uct: rolled pattern sections of chrome-silicon steel for aviation. No blast fur- 
naces. Open-hearth shop. Section mill. 

Izhevsk in western Urals (56°50’N, 53°10’E). Principal product: steel 
ingots. No blast furnaces. Open-hearth shop. 

Kamensk-Ural'skii in north central Urals (56°26’N, 61°53’E). Called the 
Siniarskii Pipe Plant. Principal products: skelp, thin-walled pipe, cast-iron 
pipe, alloy pipe, wire. No blast furnaces. Pipe-drawing shop, cold-rolled strip 
mill, and pipe foundry. 

Kerch in Crimea (45?21'N, 36°29’E). Named after Voikov. Formerly Soc. 
Met. de Taganrog. Principal products (in 1940): beams, channels, billets, 
merchant pig iron. It had three blast furnaces: No. 1, 602m?; No. 2, 602m?; Na. 
3, 703m?. None restored by January 1, 1949. The Thomas shop was being re- 
stored. In 1940 it had 15 converters of 25 tons each. Used local and Krivoi 
Rog ore, local coke made from Donbass coal. 

Khartsyzsk in the Donbass (48°04’N, 38°08’E). Pipe plant. Formerly 
Sosnovets Society. Principal products: welded and cast pipe. No blast fur- 
naces. Pipe welding shop and foundry. For some time this plant was part of 
the Kirov works at Makeevka. 
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Kirs in northwestern Urals (59°20’N, 52°14’E). In 1930's it produced 
steel and rolled metal. Appears as an iron and steel center in some postwar 
maps. In 1952 there was a steel cable plant near Kirs. 

Kliuchevsk in central Urals (57*02'N, 60°35’E). Formerly Teplyi Kliuch. 
A ferroalloy works. 

Kolpino, a suburb of Leningrad (59°45’N, 30°36’E). Called Izhora Plant. 
Principal product: heavy machinery. Also produces rolled pipe and plate. No 
blast furnaces. Open-hearth shop. Stiefel pipe mill, and two plate mills. 

Komsomol'sk in the Far East (50?35'N, 137°03’E). Produces high-grade 
rolled steel for shipbuilding and machinery. One blast furnace: No. 1, Goom’. 
Not in operation by May 1953. Proposes to get coking coal from the Bureia 
basin and ore from Nikolaevsk. Open-hearth shop. Section mill, medium and 
thin sheet mills. In October 1953 a tinplate mill to supply fish and meat 
packers went into operation. 

Konstantinovka in the Donbass (48°32’N, 37°46’). Named after Frunze. 
Formerly Soc. des Tuileries. Principal product: rolled sheet. Two blast fur- 
naces: No. 1, 335m"; No. 2, 400m?. Consume local coke and Krivoi Rog ore. 
Open-hearth shop and sheet mill. 

Kosaia Gora, a suburb of Tula in the central region (54°07’N, 37?34'E). 
Principal products: foundry iron, ferromanganese. Three blast furnaces: No. 1, 
364m7; No. 2, 365m; No. 3, 697m?. Also a foundry. 

Kramatorsk in the Donbass (48°44'N, 37?35/E). Named after Kuibyshev. 
Principal products: bars, rounds, squares, angles, beams, channels. Two blast 
furnaces: No. 2, (553)m?; No. 3, 550m3. Number 2 not restored by January 
1, 1949. Consume local coal and Krivoi Rog ore. Open-hearth shop. Medium 
section mill (620 mm). 

Kramatorsk (same location). Named after Stalin. Called Novo-Kramatorsk 
Heavy Machinery Plant. Principal products: heavy machinery, blooms, rolled 
sections. No blast furnaces. Open-hearth shop. Blooming mill and section 
mills. Foundry. One section of this plant bearing the same name is located at 
Elektrostal' presumably since its war time evacuation. 

Kramatorsk (same location). Named after Ordzhonikidze. Called Staro- 
Kramatorsk Machinery Works. No blast furnaces, but has an iron foundry. 

Krasnyi Sulin in the eastern Donbass (47?53'N, 40°06’E). Sometimes 
called the Sulin Plant. Principal products: squares, rounds, bars. No blast 
furnaces. Open-hearth shop. Small section mill (240 mm). 

Krivoi Rog in Ukraine, Dnepr Group (47°54’N, 33?21/E). Produced in 
1940 a wide range of iron and steel products. Three blast furnaces: No. 1, 
(930) m3; No. 2, (930)m3; No. 3, (1,300) m3. Number 4 planned to have 
capacity of 1,300m?. By January 1, 1949, only No. 1 in operation. Consumes 
Donbass coking coal and local ore. In 1940 had three Bessemer converters of 
35 tons each. 

Kulebaki in upper Volga region (55°25’N, 42^32/E). Named after Kirov. 
Principal products: channels, bars, angles, squares, beams. No blast furnaces. 
Large section mill (750 mm) and medium section mill (500 mm). 

Kushva. in north central Urals (58°18’N, 59°47’E). Three blast furnaces: 
No. i, 161m3; No. 2, 173m8; No. 3, 174m%. Consume local charcoal and 
Blagodat’ iron ore. Coke from the Kuzbass. In 1930's had 3 small open-hearths. 

Kuznetsk. See Stalinsk. 

Leningrad in northwest region (59°56’N, 30°20’E). Named after Kirov. 


296 THE ECONOMICS OF SOVIET STEEL 


Formerly Putilov Machinery Plant. Principal products: machinery billets, 
angles, bars, squares, hexagons, sheet, plate. No blast furnaces. Open-hearth 
shop. Large section mill (700 mm), medium section mill (500 mm), small 
section mills (240, 300, and 370 mm). 

Leningrad (same location). Named after Lenin. Called Neva Machinery 
Plant. Principal products: iron and steel mill machinery, turbines. No blast 
furnaces. Open-hearth and electric furnace shops. 

Leningrad (same location). Named after Molotov. Principal products: 
rolled sections, wire cable, builder's hardware. No blast furnaces. Wire and 
section mills. 

Leningrad (same location). Named after Stalin. Principal products arc 
hydroturbines and electrical machinery, but plant is often called an iron and 


steel works. 
Leningrad (same location). Called Trubostal Pipe Plant. Formerly Kras- 


naia Truba. Produces only pipe. 

Liepaia in Latvian SSR (56?32/N, 21°00’E). Called Krasnyi Metallurg. 
Principal products: chain, sheet, nails. No blast furnaces. Open-hearth shop. 
Sheet mill and merchant mills. 

Lipetsk in central region, now part of the "south" (52?37'N, 39?36'E). 
A ferroalloy works, producing particularly ferrosilicon in electric furnaces from 
local ores. 

Lipetsk (same location). Called Novo-Lipetsk Plant. Principal product: 
foundry iron. Two blast furnaces: No. 1, 9g30m?; No. 2, 930m?. Consume 
Donbass coking coal and local ore. 

Lipetsk (same location). Called Svobodnyi Sokol’ Plant. Principal product: 
foundry iron. Two blast furnaces: No. 1, 537m?; No. 2, 630m’. Consume Don- 
bass coking coal and local ore. 

Lutugino in the Donbass (48?25'N, 39^13'E). Called a pig iron casting 
plant. Principal products: iron castings, including rolling mill rolls, ingots, 
shaped-iron castings. No blast furnaces. Two open-hearth and 3 cupola fur- 
naces. Rolling mills and foundry. This plant is within the Ministry of Iron and 
Steel. 
Lysva in northwestern Urals (58°06’N, 57°49’E). Principal products: 
wire, Unplate, galvanized iron, builders hardware, automobile sheet, roofing. 
No blast furnaces. Open-hearth shop. Automatic wire mill, two tinplate shops, 
billet mill, small section mill, sheet and foundry. 

Magnitogorsk in southern Urals (53°24’N, 59°05’E). Named after Stalin. 
Tums out a complete line of iron and steel products. Eight blast furnaces: 
No. 1, 1,179m3; No. 2, 1,170m?; No. 3, 1,180m3; No. 4, 1,181m*; No. s, 
1,371m3; No. 6, 1,300m?; No. 7, over 1,300m?. Number 8 was planned for 
1950 but not completed until 1954. Consume coking coal from Kuzbass and 
Karaganda and local ore. Three open-hearth shops with about 30 large fur- 
naces. About 16 rolling mills, including 2 blooming mills (possibly 3), two 
billet mills (630 and 450 mm), section mills of 600, 500, 450, three of 300, 
and two of 250 mm; a plate mill! (1250 mm), and continuous sheet mill. Also 
foundry shop, screen-making shop, electrode shop, and plant for builder's 
hardware. 

Maikor in northwestern Urals (59^01'N, 55°51’E). Product: pig iron. One 
blast furnace: No. 1, 180m8. 

Makeevka in the Donbass (48°02’N, 37?59/E). Named after Kirov. 
Formerly Tomski and Soc. Min. et Met. "Union." Principal products: blooms, 
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billets, squares, rounds, bars, angles, thin and medium sheet. Four blast fur- 
naces: No. 1, 1,145m"; No. 2, g42m?; No. 3, (835)m3; No. 4, (842) m3. Only 
Nos. 1 and 2 restored by January 1, 1949. Consume local coal and Krivoi Rog 
ore. Two open-hearth shops. Blooming mill, large section mill (850 mm), 
small section mills (330, 280 mm), sheet mills. 

Makeevka (same location). Named after Kuibyshev. A pipe plant. Pro- 
duces only cast and rolled pipe in rolling mills and foundry. 

Moscow in central region (55?45'N, 37?37/E). Called Hammer and Sickle 
works, Principal products: bars, structural steel, rounds, squares, hexagons, 
sheet, specializing in high-quality steels. No blast furnaces. Two open-hearth 
shops. Large section mill (750 mm), medium section mil] (450 mm), small 
section mills (250, 300 mm), sheet mills. Steel foundry and powder casting 
shop. 

Moscow (same location). Called the Moscow Pipe Plant. Foundry for pipe 
casting an: an electric-welding pipe shop. 

Nikopol in the Ukraine, Dnepr Group (47°34’N, 34°24’E). Called 
Iuzhno-Trubnyi Pipe Plant. Produces only rolled pipe with Stiefel and pierc- 
ing mills. 

Nizhnie Sergi in north central Urals (§6°41’N, 59°18’E). Principal prod- 
uct: charcoal foundry iron. One blast furnace: No. 1, 121m*. In 1930's had 
open-hearths and sheet and bar mills. 

Nizhniaia Salda in northern Urals (58°05’N, 60?43/E). Principal product: 
pig iron. Two blast furnaces: No. 1, 330m; No. 2, 207m*. Consume Kemerovo 
coke, local charcoal, and local ore. In 1930's had open-hearths and large sec- 
tion mills. 

Nizhnii Tagil in north central Urals (57?55/N, 59°57’E). Named after 
Kuibyshev. Formerly Demidov-San Donato. Principal products: roofing, wire, 
merchant iron, ferroalloys. Two blast furnaces: No. 1, 269m?; No. 2, 271m?. 
Consume coke from Kemerovo, iron ore from Lebiazhka, Vysokaia, and Blago- 
dat’. Open-hearth shop, sheet (roofing) mill, wire mill, plate mill, merchant 
mills. 

Nizhnii Tagil (same location). Called Novo-Tagil. Principal products: 
blooms, beams, channels, railroad rails. Four blast furnaces: No. 1, 1,100m; 
No. 2, 1,100m?; No. 3, 1,060m3; No. 4, 1,300m?. Number 5 planned at 
1,300m?. Consume local coke from Kuzbass coal and Kemerovo coke. Ore 
from Tagil-Kushva region and Alapaevsk. Two open-hearth shops (15 fur- 
naces planned). One Bessemer shop (2 converters) planned for 1950. Bloom- 
ing mill, large section mills (800, goo mm) in railbeam shop. 

Nizhniaia Tura in north central Urals (58?37'N, 59*so'E). Principal prod- 
uct: sheet roofing. No blast or open-hearth furnaces. 

Novomoskovsk in Ukraine, Dnepr Group (48°38’N, 35°15’E). A tinplate 
works only. Has sheet and tinplate mills. 

Novosibirsk in western Siberia (55°02’N, 82*56'E). Called a precision 
rolling mill plant. Rolls hot- and cold-rolled strip and sheet. 

Novo-Troitsk in southern Urals (approximately 51°20’N, 58°15’E). Called 
‘Orsk-Khalilovo Quality Steel Works. Not scheduled to begin operation until 
after 1950. Will produce naturally alloyed high-quality steels. Plan includes 4 
blast furnaces at 600m? each, 7 open-hearths, 3 Bessemer converters, bloom- 
ing and rolling mills. First blast furnace blown in March 4, 1955. Produces 
chrome-nickel pig iron. 

Novotul'skii, a suburb of Tula, in central region (54°11’N, 37^42'E). 
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Called Novo-Tula Plant. Produces foundry iron. Three blast furnaces: No. 1, 
(930) m$; No. 2, (930) m; No. 3, 330m*. Consume Donbass coking coal, local 
and Krivoi Rog ore. 

Nytva in north central Urals (57°57’N, 55°21’E). No postwar information 
on this plant. In 1932 it produced only 14,500 tons of rolled sheet iron, using 
billets from Chusovoi and Alapaevsk. 

Omutninsk in northwestern Urals (58°40’N, 52°10’E). Principal products: 
bars, rounds, squares, angles, hexagons including tool steels, sheet (roofing). 
No blast furnaces. Open-hearth shop. Medium section mill (450 mm), small 
section mill (280 mm), sheet mills. 

Pashiia in northwestern Urals (58?26'N, 58°17’E). Principal product: pig 
iron. Two blast furnaces: No. 1, 156m*; No. 2, 200m?. Consume local charcoal 
and ore. 

Pervouralsk in north central Urals (56*54'N, 59°58’E). Named after 
Stalin. Called Novo-Trubnyi Pipe Plant. Produces alloy, carbon pipe, and so 


forth, on Stiefel and pipe-wire mills. 
Pertoural’sk (same location). Called Staro-Trubnyi Pipe Plant. Produces 


rolled and drawn pipe only. 

Petrovsk-Zabaikal'skii in eastern Siberia (51?17/N, 108°51’E). Principal 
products: foundry iron, castings, billets. Two blast furnaces: No. 1, 225m8; 
No. 2, 225m? (planned capacity). Open-hearth shop, foundry, and small 
325 mm billet mills. Quite likely that these coke blast furnaces were shut down 
after beginning operations in 1941. 

Petrozavodsk in Karelo-Finnish Republic (61?47'N, 34?21'E). Called 
Onega Plant. Produced machinery, steel ingots, and rolled metal in 1930's. 

Revda in north central Urals (56?48'N, 59°58’E). Principal product: 
builders hardware. No blast furnaces. Open-hearth shop. Small merchant 
mills. 
Rustavi in Transcaucasia (approximately 41?30'N, 46°45’E). Named after 
Stalin. Principal products: rolled pipe, merchant iron, roofing, wire, rails, struc- 
tural shapes, small sections. Plan to complete 2 blast furnaces of 430,000 tons 
annual capacity. First one blown in early in February 1955, and second on 
April 14, 1955. Consume coking coal from Tkvarcheli and Tkvibuli, and ore 
from Dashkesan. Open-hearth shop with 6 furnaces planned at capacity of 
500,000 tons. Blooming mill (goo mm) and 5 other rolling mills with planned 
capacity of 384,000 tons. 

Satka in southern Urals (55°02’N, 59°01‘E). Produces high-quality foun- 
dry iron. Three blast furnaces: No. 1, 205m?; No. 2, 177m3; No. 3, 205m3. 
Consume local charcoal and Bakal ore. 

Serov, formerly Nadezhdinsk, in northern Urals (59°37’N, 60°35’E). Prin- 
cipal products: high-grade steels (under Glavspetsstal’), including ferroalloys, 
alloy steel, billets, squares, angles, channels, hexagons. Five blast furnaces: 
No. 1, 214m?; No. 3, 193m; No. 4, 177m?; No. 5, 171m?; No. 7, 190m3. All 
but No. 5 operate on Kemerovo coke. Number 5 uses local charcoal. Local ore. 
Open-hearth shop. Blooming mill, large section mill (850 mm), medium sec- 
tion mill (450 mm), small section mill (320 mm). 

Severskii, a suburb of Polevskoi, in north central Urals (56°30’N, 
60°14’E). Principal products: tinplate, roofing. No blast furnaces. Open- 
hearth shop. Sheet and tinplate mills. The only large tinplate mill in the USSR 
providing for food containers. 

Stalingrad in lower Volga region (48°42'N, 44°30’E). Called Red October 
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Works. Principal products: blooms, billets, angles, squares, bars, hexagons, 
sheet, plate. No blast furnaces. Two open-hearth shops (15 furnaces). One 
electric furnace shop. Blooming mill, large section mill (750 mm), medium 
section mill (450 mm), small section mill (325 mm), sheet mills and plate 
mills (1700, 2200 mm). 

Stalino (formerly Iuzovka) in the Donbass (47?59'N, 37°50’E). Named 
after Stalin. Formerly Neurussiche Gesellschaft. Principal products: billets, 
angles, squares, strip, bars, hexagons. Four blast furnaces: No. 1, (s65)m?; 
No. 2, 450m3; No. 3, 676m3; No. 4, (627)m3. Number 4 not restored by 
January 1, 1949. Consume local coal and Krivoi Rog ore. Open-hearth shop. 
Large section mill (710 mm), medium section mill (400 mm), small section 
mill (350 mm). 

Stalinsk in the Kuzbass of western Siberia (53°45’N, 87°07’E). A ferro- 
alloy works, whose main product is ferrosilicon. 

Stalinsk (same location), The Kuznetsk combine. Principal products: 
billets, beams, channels, rails, angles, bars, rounds, squares, hexagons, plate. 
Four blast furnaces: No. 1, 1,164m?; No. 2, 1,164m3; No. 3, 1,163m3; No. 4, 
1,163m4. Consume local coal, local and Magnitogorsk ore. Three open-hearth 
shops. Electric furnace shop. Blooming tandem mills (1,150, goo mm) large 
section mills (750-900 mm), medium section mill (500 mm), small section 
mill (360 mm), plate mill. Sheet mill planned. 

Staroutkinsk in north central Urals (57°13'N, 59°20’E). Produces pig iron 
from one small charcoal blast furnace, using local ore. 

Sumgait, northwestern suburb of Baku, in Transcaucasia (40?25'N, 
49°50’E). Called Baku Pipe-Rolling Plant. Principal products: pipe for oil 
industry. No blast furnaces. Open-hearth shop. Consumes local scrap and 
scheduled to receive pig-iron from Rustavi. Pipe-rolling mills. Began produc- 
tion on December 31, 1952. 

Taganrog on Sea of Azov (47°19/N, 38°55’E). Named after Andreev. 
Formerly Soc. Met. de Taganrog. Principal products: oil pipe, welded and 
seamless tube, gas pipe, beams, plate, sheet. No blast furnaces. Two open- 
hearth shops. Pipe-rolling shop (Pilger stand), sheet-rolling shop, section mill 
shop, two pipe-welding shops, two plate mills. 

Temir-Tau in Kazakhstan near Karaganda (About 50°N, 68°E). Principal 
products: railroad and coal-mine rails, and a wide range of iron and steel 
products for local needs. Blast-furnace works (next to the existing conversion 
works) scheduled to be built beginning in 1948. Will use Karaganda coal and 
Ata-Su ore. One open-hearth shop (3 furnaces, planned capacity 30,000 tons 
each). Billet mill, medium section mill (400 mm), sheet mill. Foundry and 
forge shop. 

Teplaia Gora in northwestern Urals (58?32'N, 59°05’E). Principal prod- 
ucts: foundry iron, castings. One blast furnace: No. 1, 165m?. Consumes local 
charcoal and local ore. 

Tirlianskii in southern Urals (54?13/N, 58°34’E). Rolls sheet roofing. Part 
of Beloretsk enterprise. 

Tula. See Kosaia Gora and Novotul'skii. 

Verkhne-Isetsk (an okrug of Sverdlovsk Oblast) in north central Urals 
(56°45’N, 60°30’E). Rolls principally electro-technical steel sheets. No blast 
furnaces. Sheet mill. 

Verkhniaia Siniachikha in north central Urals (12 km. north of Alapaevsk). 
Only postwar reference to this work says it has one blast furnace of 220m3. 
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Verkhniaia Salda in north central Urals (58°02’N, 60^33'E). Principal 
products: billets, angles. No blast furnaces. Open-hearth shop. Large section 
mill (600 mm). 

Verkhnii Ufalei in southern Urals (56°03'N, 60°19’E). Often called Ufalei 
Plant. Produces charcoal foundry iron, roofing, wire. One blast furnace: No. 1, 
200m, Consumes local charcoal and ore. Open-hearth shop. Sheet-rolling 
shop, and wire mill. 

Voroshilovgrad, formerly Lugansk, in the Donbass (48°34’N, 38°46’E). 
Named after lakubovskii. Produces only rolled pipe. 

Voroshiloosk, formerly Alchevsk, in the Donbass (48°g0’N, 38°46’E). 
Named after Voroshilov. Formerly Donets-Jur'ev. Principal products: bars, 
plate, rounds, squares, angles, billets, hexagons. Four blast furnaces: No. 1, 
1,030m?; No. 2, (1,050)m3; No. 4, (259)m?; No. 5, 595mê. Open-hearth 
shop. Medium section mill (500 mm), small section mill (300 mm), plate mill. 

Vyksa in upper Volga region (59?19'N, 42^10'E). Principal products: 
bars, rolled pipe, sheet, beams, soil pipe, gas pipe, pipe fittings, plate. No blast 
furnaces. Two open-hearth shops. Pipe-rolling shop, two pipe-welding shops, 
plate mill, and sheet (roofing) mill. 

Zaporozh'e, formerly Alexandrovsk, in Ukraine, Dnepr Group (47°50’N, 
35°08’E). A ferroalloy works producing ferrochrome, ferrosilicon, ferroman- 
ganese. Has 2 electric ferroalloy shops. 

Zaporozh'e (same location). Named after Ordzhonikidze. Called Zapo- 
rozh’stal’. Principal products: sheet (cold-rolled) and various special alloy 
steels. Four blast furnaces: No. i, i,300m?; No. 2, (1,000)m%; No. 3, 
(1,g00)m3; No. 4, 1,300m*. Only Nos. 1 and 4 restored by January 1, 1949. 
Consume Donbass and Krivoi Rog ore. Open-hearth shop. Electric furnace 
shop. Slab mill, continuous sheet mill, cold-rolling, and finishing shops. 

Zaporozh'e (same location). Called Dneprospetsstal. Small plant, pro- 
ducing high-quality steels in electric furnaces. 

Zestafoni, formerly Kvirily, in Transcaucasia (42°16’N, 43?20'E). For- 
merly named after Beria. Produces various ferroalloys. Gets manganese from 
Chiatura. Electric furnaces, using hydro power. 

Zhdanov, formerly Mariupol’, on Sea of Azov (47?06'N, 37°33’E). Named 
after Il'ich. Formerly La Providence Russe. Principal products: Bessemer rails, 
railroad car equipment, plate (including armor plate), sheet, welded pipe. 
Two blast furnaces: No. 1, (526)m3; No. 2, (500)m?. Neither restored by 
January 1, 1949. Two open-hearth shops. Three plate mills, sheet and section 
mills. Two cast-iron foundries and one shaped-iron foundry. 

Zhdanov (same location). Named after Kuibyshev. Produces only rolled 
pipe. 

Zhdanow (same location). Named after Ordzhonikidze. Called Azovstal'. 
Principal products: blooms, beams, channels, rails, rounds, squares, angles. 
Four blast furnaces: No. 1, (930)m?; No. 2, (930)m?; No. 3, (1,300) m?; 
No. 4, (1,300) m?*. Only Nos. 3 and 4 restored by January 1, 1949, but all 
four operating by 1954. Consume Donbass coal and iron ore from Kerch and 
Krivoi Rog. One open-hearth shop (tilting furnaces), blooming mill, large 
section mills (750, goo mm), and medium section mill (450 mm). 

Zlatoust in southern Urals (55°10’N, 59°40’E). Named after Lenin and 
Stalin. Principal products: special high-quality, alloy steels, billets, angles, 
squares, bars, hexagons. No blast furnaces. Three open-hearth shops. Electric 
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furnace shop. Blooming mill large section mills (600, 750 mm), medium 
section mills (two of 400 mm), small section mills (265, 270, 280, 350 mm). 
These are two neighboring plants in the same town, the bigger one named 
after Stalin, the smaller after Lenin. They may be considered one enterprise. 
One is an iron and steel plant, the other an instrument plant. 


APPENDIX C —— 


The Development of Special Branches of the 
Soviet Iron and Steel Industry 


The purpose of this appendix is to describe in some detail the develop- 
ment of three branches of the Soviet steel industry: the manufacture of iron 
and steel pipe, of ferroalloys, and of quality steel. The appendix is designed 
as a supplement to Chapter 1. 


Iron and Steel Pipe 


In building an industry that would make their country self-sufficient in 
the manufacture of iron and steel pipe, the Soviets did not have to start from 
scratch.! Small amounts of cast-iron pipe had been produced from the early 
days, and the first Russian pipe mill, a pipe-welding stand, was set up in 
1893 at the works known as Shoduar “A” (now named after Lenin) in Eka- 
terinoslav (now Dnepropetrovsk). The next pipe-welding stand began to 
operate at Taganrog in 1897, then one opened at the Lugansk locomotive 
works, and in 1907 operations began at the Vyksa metallurgical plant. In the 
years preceding World War I, pipe-welding facilities were set up at Mariupol’ 
(now Zhdanov), and a special pipe-welding works was built in Lugansk (now 
Voroshilovgrad). The tsarist regime had also begun to produce seamless pipe 
at the Shoduar works and at the Gantke (now Karl Liebknecht) works in 
Dnepropetrovsk on a small Pilger stand. The Bezhitsa works produced pipe up 
to two inches in diameter, and the Izhora works in Kolpino boasted a Stiefel 
mill for pipe up to six inches. 

The Soviet regime, therefore, had to start with pipe-making facilities in 
about ten plants, which in 1913 produced some 78,000 tons of pipe. Of this 
amount 55,000 was welded and 12,000 seamless rolled pipe. Between the two 
world wars the Soviet regime expanded its inheritance over ten times its 
original capacity. To facilitate expansion the industry created -a specialized 
institute (NITI) for research and development. To direct the pipe industry 
the trust "Trubostal' " was formed. It was reorganized in 1937 into the Chief 
Administration for Pipe-Rolling and Pipe Casting, now a unit of the Ministry 
of Iron and Steel. Unlike other branches of the iron and steel industry, pipe 
production expanded rapidly during the restoration period of the 1920's, so 
that by 1927-28 pipe production was already two and one half times that of 
1913. Most of this increase was achieved by the renovation and expansion of 
existing facilities, but following a severe shortage of pipe in 1922, the new 
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regime did set up some new pipe-rolling shops at the old Demidov works in 
Pervoural'sk. 

During the First Five Year Plan, the restored and expanded old pipe 
works proved unable to meet the fast growing demand from the expanding 
industrial economy. The needs of the oil fields, machine building, new steam- 
generating plants, and domestic housing were so great that pipe imports 
jumped from 40,000 tons in 1930 to 114,000 tons in 1931. To avoid further 
increases in imports, it became necessary to invest capital in the reconstruc- 
tion and further expansion of existing pipe works. A shop for the manufac- 
ture of thin-wall pipe was built at the Lenin works in Dnepropetrovsk, and 
two more pipe-rolling stands were set up at the Andreev works in Taganrog. 
New pipe works built and brought into operation during the First Five Year 
Plan included the Kuibyshev plant in Mariupol' (1930), Khartsyzsk (1930), 
both in the south, and one plant each in Leningrad and Moscow (1932). This 
period also witnessed the beginnings of construction of the giant Pervoural'sk 
and Nikopol' pipe works. 

No new pipe works were started during the dozen years following 1930, 
but some that were started during the First Five Year Plan period were 
finished in the years of the Second. The two big new works came into opera- 
tion, Pervoural’sk in 1934 and Nikopol (partially) in 1937. Existing mills 
were expanded by starting up two more pipe-rolling mills at Andreev in 
Taganrog, the Mannesman shops at the Karl Liebknecht and Kuibyshev plants, 
a second pipe-welding shop at Vyksa, and an electric-welding shop in the 
Moscow pipe works. Under the truncated Third Five Year Plan (1938-1941), 
the Russians managed to complete construction of the new pipe works, to 
renovate some old pipe-rolling stands, and to organize new pipe-rolling shops 
at Cheliabinsk and Kamensk in the Urals, but that was all. 

The increased production of rolled pipe that poured out of these expanded 
facilities was no mean achievement, as indicated by the accompanying (ap- 
proximate) figures on output of rolled pipe in the USSR (in 1,000 tons).? 


Welded pipe Seamless pipe 
WONG aisha spese see 60 70 
L920 rures 0 0 
1925.. 70 20 
1930 stern 150 80 
1935. 215 400 
1940 330 610 


From Table 42 one can see that at the outbreak of the Second World War, 
practically all of the Soviet pipe facilities of the Soviet Union were in the 
western regions of the south and center. Ninety-two per cent of the steel pipe 
was made in the west. The only pipe-making facilities in the east were located 
in Pervouralsk and Kamensk, fifty miles on either side of the city of Sverd- 
lovsk in the Urals. Furthermore, these two localities could produce only small- 
diameter pipe. This placed the eastern economy at a serious disadvantage and 
forced the expansion of eastern pipe production by 440 per cent during the 
war. This is three times the expansion that occurred in pig iron, steel, and 
rolled products. Stiefel mills, cold-rolling Rockrite, and pipe-wire mills were 
evacuated to the big new pipe works at Pervoural'sk. Its index of output rose 
from 100 in 1941 to 132 in 1942 and 1943, 138 in 1944, and 163 in 1945. With 
the eclipse of Nikopol’, it became the country's basic supplier of steel pipe. 
At Bilimbai, thirty miles northwest of Sverdlovsk, a new pipe-rolling mill was 


TABLE 42 
PIPE PLANTS AND PIPE-MAKING FACILITIES IN IRON 
AND STEEL PLANTS 


Pipe 
Type of Name production Main types of 
works (n. = named after) begun pipe produced 
South 
Bezhitsa...... Steel-easting Krasnyi Profintern Before 1913. Small cast-stecl 
Pipe-rolling n. Lenin 1893 Thin-wall, 
electric-welded, 
Dneprope- P seamless 
eae sure Pipe and n. Karl Liebknecht Before 1914 Seamless, large- 
wheel-rolling meter, oil 
mill pipe 
Khartsizsk.... Pipe Affiliate of 1930 rge-diameter, 
Makeevka welded 

Makeevka....  Pipe-casting n. Kuibyshev . " Cast 

Nikopol'...... Pipe-rolling ^ Iuzhno-Trubnyi About 1937 Seamless, large- 
diameter 

Sumgait...... Pipe-rolling 1948 Oil pipe 

Taganrog..... Iron and n. Andreev 1897 Cil pipe, seam- 

steel . less, welded 

Voroshilovgrad Pipe n. Iakubovskii Before 1913 Cais rolled, 
welded 

pren and n. IFich Before 1913 Welded 
steel 
Zhdanov...... ^ Pipe-rolling n. Kuibyshev 1930 Large-diameter, 
L seamless 
Center 

Kolpino. ..... Machinery Izhora Before 1913 Seamless 

Leningrad. ...  Pipe-rolling Trubostal’ 1932 * 

Moscow...... Pipe-casting 1932 Cast, rolled, 
electric- welded 

a sss Pipe-rolling 1907 Welded, gas, 
irrigation 

Urals 
Bilimbaevsk... Pipe-casting 1944 Cast-iron, new 
and rolling rolling mills for 
small-diameter 

Cheliabinsk...  Pipe-rolling 1942 Large-diameter, 
soil pipe 

Kamensk- 

Ural'skii...... Pipe Sinarsk Before 1914 All types of cast 
and rolled, esp. 
small-diameter, 
thin-walled 

Pipe Novo-Trubnyi 1934 All types, esp. 
p Psk n. Stalin seamless 
ervoura! sK .. pipe Starotrubnyi 1922 Rolled and 
rawn 


© Undetermined. 
Sources: The information in this table was gleaned from dozens of different Soviet sources. 


For other characteristics of these works, see Appendix B. In addition to facilities listed above, it 
is known that in the middle 1930's one of the two plants at Lipetsk had ^ pipc-casting shop, 
and that the big Petrovsk works in Dnepropetrovsk planned to produce 38,000 tons of iron 
pipe. However, the writer has not seen any reference to either of these pipe facilities in the 
Sovict literature published since 1945. The Supreme Soviet, Law on the Five Year Plan, 1946- 
1850, p. 14, calls for the rehabilitation of seven pipe-rolling and pipe-casting works, all of which 
we have listed. On December 27, 1953, Izcestiia announced the operation of a new 400-mm pipe- 
rolling mill at the Rustavi iron and stcel plant in Transcaucasia. 
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built and began to produce various types of small pipe in 1944. The net result 
was a wartime increase of 350 per cent in pipe production in Sverdlovsk 
Oblast. After the building and completion in 1942-43 of the Cheliabinsk pipe- 
rolling plant for large sizes, the Urals was finally self-sufficient and could pro- 
duce pipe of all sizes for aviation, tank, motor, artillery, oil, and other war 
industries, out of the reach of the German army? 

Investment during the Fourth Five Year Plan period was concentrated on 
reconstructing the eleven pipe-making facilities in the south. By 1950 all of 
them were once again in operation. This plan also called for the construction 
and putting into operation of one new pipe plant in Transcaucasia, at Sum- 
gait, near Baku. The plant was under construction back in September 1940, 
and by 1950 it was scheduled for completion at a planned annual capacity of 
350,000 tons. Its rolling mills began to produce pipe in 1948, but regular pro- 
duction did not begin until 1953. 


Ferroalloys 


Ferroalloys are produced either in blast furnaces or in special electric 
furnaces. Production in electric furnaces can be carried on at much higher 
temperatures and can be precisely controlled. The resulting product is rela- 
tively free of harmful elements such as carbon, sulphur, and phosphorus. The 
chemical composition of representative Soviet ferroalloys is shown in Table 43. 


TABLE 43 


CHEMICAL COMPOSITION AND PRICES 
OF SOVIET FERROALLOYS, 1950 


Composition Price 
(per cent) (rubles per ton) 
Ferromanganese, low- Mn, 80.0; C, 0.5; P, 0.5; Si, 2.0; S, 0.03 2,700 
carbon, type Mn-0 
Ferrosilicon, type Si-90 Si, 87-95; Mn, 0.5; P, 0.04; S, 0.04; Cr, 
0.2 2,720 
Ferrochrome, carbon-free Cr, 65; C, 0.06; Si, 1.0-1.5; P, 0.06; S, 
type Cr-0000 0.04 3,7004- 
Ferrotitanium, type Ti-1 Ti, 18.0; C, 0.20; Si, 3.5; Cu, 3.0; Al, 5.0; 
8, 0.05; P, 0.05 6,150 


Ferrotungsten, type V-1 W, 70.0; C, 0.5; Mn, 0.2; Cu, 0.25; S, 
0.08; P, 0.05; Si, 0.4; As, 0.05; Sn,0.16 — 61,600 
Ferrovanadium, type Vd-1 V, 35; C, 0.75; Si, 2.0; P, 0.10; Al, 1.0; 


S, 0.10 68,600 
Ferromolybdenum, type Mo, 55.0; C, 0.10; Si, 1.0; P, 0.10; S, 0.10; 
Mo-1 Cu, 0.8; Sb, 0.05; Sn, 0.05 81,700 


Source: F. P. Edneral, Elektrometallurgita (obshchii kurs) (Moscow, 1950) pp. 170-178. 
The percentages indicate the minimum allowable omounts of the main alloying material, and 
maximum allowable amounts of the other substances, as set by the state authorities. In cach case 
these are the best types or grades of ench category. 


The higher-grade ferroalloys can be produced only in electric furnaces, and 
the bulk of ferroalloys produced in Soviet blast furnaces consists of low-grade 
ferrosilicon and ferromanganese. For example, blast-furnace ferromanganese 
contains up to 7 per cent carbon. Under the pressure of the Second World 
War, blast furnaces were made to turn out high-carbon ferrochrome contain- 
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ing only 30 to 40 per cent chrome. The coke in the furnace was, of course, 
the inescapable source of carbon, and heat loss through the furnace top pre- 
vented the attainment of higher chrome content. The cost of even low-grade 
ferroalloys can be cheaper in electric furnaces if electric power is cheap 
enough.* 

Ferroalloy works also employ metallo-thermic methods of smelting, which 
generate terrific heat. Thus ferromolybdenum is smelted by silico-thermic 
methods. For the reduction of especially hard oxides, such as titanium dioxide, 
calling for large amounts of heat, the Russians widely employ the aluminum- 
thermic method. The electric and electro-thermic methods were introduced 
during the Soviet period: in 1913 practically the only ferroalloys made in 
Russia were ferrosilicon and ferromanganese produced in the blast furnaces 
of a few southern works.5 

By 1928 the production of low-grade ferroalloys in blast furnaces had been 
restored to the prerevolutionary level, but this method was obviously inade- 
quate to meet the demands of an industrially developed economy producing 
modern machinery. In order to free themselves from dependence on imports 
of ferroallovs the Russians set out to develop domestic production of them. 
Table 44 shows the plants which they constructed. In 1927-28 they began 


TABLE 44 
ELECTRIC FURNACE FERROALLOY PLANTS 
Date began Principal ferroalloys produced 
producing alloy (prefix omitted) 

South 

Zaporozh’e about 1933 Manganese, tungsten, chrome, silicon 

Zestafoni 1933 Manganese, silicon, molybdenum, chrome 
Center 

Lipetsk about 1933 Silicon, chrome 
East 

Aktiubinsk 1943 Chrome 

Cheliabinsk 1931 Chrome, manganese, silicon 

Chusovoi 1937 Titanium, vanadium 

Kliuchevsk di ss 

Stalinsk World War IT Silicon 


* I have come across very little information about the Kliuchevsk ferroalloy works located 15 
miles northeast of Sverdlovsk in the Urals. Theodore Shabad's files show that Kliuchevsk was a 
workers’ settlement of about 5500 people in 1933, which until that year was called Talyi Kliuch. 
It developed during the 1930's. Stal’, 1947, no. 10, in an editoria! called ‘‘Ferroalloy Industry 
in the New Five Year Plan," says that a new shop was planned for the Kliuchevsk ferroalloy 
works for 1946-1950 (pp. 867-868). The works is occasionally mentioned in the press and was 
included with the ferroalioy works in announcements of plans aud goals at the end of July 1948. 

Sources: Sce Appendix B, and endnotes referred to throughout this section of text. 


planning the creation of two specialized ferroalloy works using cheap hydro- 
electric power from the Dnepr and Gruzii rivers at Zaporozh'e and Zestafoni. 
In 192g they began to build the Cheliabinsk ferroalloy works, which was to 
use coal-generated electricity. Its first modern ferroalloy electric furnace was 
put into operation in 1930, but it produced only 84 tons that year. The birth 
of the Soviet ferroalloy industry dates from the real beginning of operations at 
this plant in 1931. By 1932 Cheliabinsk was producing 12,900 tons of “high- 
grade" ferrosilicon and almost 2,000 tons of ferrochrome. Then the works mas- 
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tered the production of ferrotitanium and began to experiment with ferro- 
vanadium.® 

In 1933 the Transcaucasian works at Zestafoni came into operation. It was 
designed primarily to manufacture ferromanganese from the tremendous de- 
posits of manganese ore at nearby Chiatura. The plant now also produces 
ferrosilicon, silicomanganese, ferromolybdenum, ferrochrome, and other alloys.7 

The Zaporozh’e plant, which began producing ferroalloys in the Second 
Five Year Plan, was equipped with three-phase furnaces especially adapted for 
the manufacture of ferrosilicon. Along with big single-phase furnaces its total 
capacity (90,000 kw) was large enough to supply all of the southern works 
with ferrosilicon and ferrochrome. The Lipetsk ferroalloy works apparently 
began to produce ferrosilicon and ferrochrome for the steel works of the cen- 
tral region about 1933. 

The old Chusovoi works on the northwestern slopes of the Urals occupies 
a special place in the Soviet steel industry because it produces vanadium pig 
iron from titanomagnetite. This pig iron is converted in a duplex shop by 
Bessemer and open-hearth furnaces into steel. The vanadium-bearing slag is 
then worked up into ferrovanadium in a special ferroalloy shop attached to 
the iron and steel works. By 1936 ferrovanadium was produced in a Siemens 
electric furnace, and the special ferroalloy shop was built in 1937. It has since 
been set up as a full-fledged ferroalloy works.$ 

In the meantime the output of low-grade ferromanganese and ferrosilicon 
in blast furnaces had proceeded apace, rising steadily from 36,400 tons in 
1927-28 to 274,872 tons in 1938. As Table 45 shows, most of this production 


TABLE 45 


LOCATION OF BLAST-FURNACE PRODUCTION 
OF FERROALLOYS, 1938 (tons) 


Ferromanganese _ Ferrosilicon Total Per cent 
Center 
Tula Oblast........ 25,807 18 25,825 9 
South: iu osi vato 134,790 101,669 236,459 86 
Stalinsk Oblast,.... 32,480 48,787 81,267 29.6 
Voroshilovgrad 
Oblast........... 76,235 14,036 90,271 32.8 
Dnepropetrovsk 
Oblast........... 206,075 38,846 64,921 23.6 
Urals 
Sverdlovsk Oblast . . — 8,143 8,143 3 
Miscellaneous Suppliers 1,137 3,308 4,445 2 
Total s sacerdos 274,872 100 


Source: L, P. Shul'kin, compiler, Potreblenie chernykh metalloo v SSSR (Moscow-Leningrnd, 
1940), pp. 141-142. 


was concentrated in European Russia. Ninety-five per cent of the blast-fur- 
nace ferroalloys were turned out in the exposed Ukraine and Tula area below 
Moscow. Immediately following their attack in 1941, the German armies 
raced for the iron ore and steel mills of the Dnepr bend. Included in their 
catch was Russia's largest ferroalloy works, at Zaporozh'e. Next to foll was 
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Lipetsk, and the invasion of the north Caucasus made it difficult to ship out 
the ferroalloys from Zestafoni. Thus the only remaining sources were the 
Cheliabinsk plant and the small shop at Chusovoi; the ferroalloy industry 
found itself in a desperate plight.? 

The first expedient was to convert existing blast furnaces fram the pro- 
duction of foundry and conversion iron to ferroalloys, and in the beginning 
only small blast furnaces were involved. The operators at the Serov works in 
the northern Urals claim to have been the first in the world to adapt blast 
furnaces to the smelting of ferrochrome. (This claim was disputed by the 
little old Kuibyshev works in Nizhnii-Tagil, where the small coke furnaces 
turned out ferrochrome and ferromanganese.) The innovators were rewarded 
by a Stalin prize. Then in the second half of 1942, the huge blast furnaces at 
Magnitogorsk began to turn out ferroalloys, particularly ferromanganese from 
nearby supplies of low-grade manganese ores, and the big new blast furnaces 
at Novo-Tagil mastered the smelting of ferrosilicon. Small open-hearth fur- 
naces were also pressed into service to produce ferrosilicon and ferrochrome, 
The main reliance, however, was placed on the expansion of electrically smelted 
ferroalloys. A total of sixteen electric ferroalloy furnaces were built in the east 
during the Second World War, and the smelting of electric ferroalloys in the 
eastern regions tripled. By June 1945 the production of ferroalloys at Chelia- 
binsk had reached 232 per cent of the prewar level. For the first time Chelia- 
binsk produced carbon-free ferromanganese, silicoalumina, and silicocalcium. 
An article published in early 1947 about the manufacture of ferroalloys 
describes experiments in twelve different electric furnaces at Cheliabinsk, 
whose designation numbers ran as high as nineteen. 

During the war two new electric furnace ferroalloy works were built and 
brought into operation in the eastern regions, at Kuznetsk and Aktiubinsk. The 
former was built within the framework of the big Kuznetsk combine and 
produces ferrosilicon from quartzite. Both plants utilize electricity generated 
from coal. Aktiubinsk took advantage of evacuated equipment to enlarge its 
central electric station from 50,000 to 68,000 kw. The plant, located at the 
foot of the Zhylyn-Tau hill near the huge Nurinsk reservoir, eight kilometers 
outside the city of Aktiubinsk, was built in a year and a half. Ever since the 
first section was completed in 1943, it has been turning out ferrochrome from 
chromite ores found sixty kilometers due east at Khrom-Tau. These ores aver- 
age from 5 to 12 per cent silica and 45 to 62 per cent chrome oxide. 

The Fourth Five Year Plan called for a continuation of the expansion of 
ferroalloy output, which in 1950 was to be 180 per cent of 1945. The bulk of 
this increase was to come from the restoration of the two works destroyed by 
the Germans. The Zaporozh'e ferroalloy plant was to be completely restored 
by 1950 and to be in much better shape than it had been in 1940. The Lipetsk 
works was to be restored to the prewar plan, including new furnaces for 
ferrosilicon. The plan called for completing the construction of the Aktiubinsk 
and Kuznetsk ferroalloy works and for a significant increase in production at 
Chusovoi. À new shop was planned for the Kliuchevsk ferroalloy works, and 
a new shop for electrolytic manganese was to be built in the plant at Zestafoni. 

Wartime expansion in the Urals has now been supplemented by recon- 
struction of the blast furnaces of the south and center. The Russians have been 
experimenting with the smelting of ferroalloys in blast furnaces especially de- 
signed for the purpose. Before its conversion, Blast Furnace No. 5 at Voroshi- 
lovsk in the Ukraine followed the customary Soviet practice of making ordi- 
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nary pig iron nine-tenths of the time. Then in the last two or three months 
of a campaign, before being shut down for major repairs, it produced ferro- 
manganese. This practice, however, caused trouble in the first few months 
after repairs as well as in subsequent operations. So in 1936 and 1938 the 
furnace profile and loading apparatus were modified, and, when it was operat- 
ing during the subsequent decade, it smelted ferromanganese from Chiatura 
and Nikopol ores. It operated effectively, however, only after a long period 
of experimentation, culminating in major repairs made in 1947.19 


Quality Steel and. Electric Furnace Steel 


The entire range of Soviet iron and steel products is grouped into eight 
categories: (1) steel sections and shapes; (2) beams and channels; (3) rolled 
wire; (4) plate, sheet, and strip; (5) rails, tie sections, and rims; (6) quality 
steel; (7) pipe, fittings, and cylinders; and (8) pig iron and ferroalloys. The 
first five categories make up the group called "ordinary rolled products" 
(riadovoi prokat) or "rolled stock of ordinary quality" (prokat obyknovennogo 
kachestoa).! These are the categories that the tsarist industry was prepared 
to produce, but the production of quality steel and pipe, has been developed 
only in the Soviet period. 

The annual production plan for a Soviet rolling mill is prepared accord- 
ing to the consolidated classification given in Tables 46 and 47. The separa- 


TABLE 46 


PLANNED OUTPUT OF ORDINARY ROLLED STEEL 
IN 1941, BY TYPE 


Type Output (tons) 
1. Axle billets. 5t ca oc lecta dee D ETT QA NC Sys ON Dio AMD 260,000 
2. Forging billets................ > 110,000 
3 PIDeDHIGES.. cu emori tents iius 400,000 
4, Railroad ruils, grade I. 1... orem ——— 935,000 
5; Atailrond rails; grado: LI... mq vc o Pec NaN Ot o ae 165,000 
t SEreetenr FUB S sieur oreet dust e tss eve T ede o ves " 12,000 
7. Mine rails......... PM 190,000 
8. Beams and channels vx 763,000 
9. Reinforcing bars. ... E 463,000 
roll 


10. Section iron, including small and me 

strip, railroad springs........ crecen esee ehh terrenae 3,103,300 
11. Rolled wire, including telegraph 
12. Shaped Strips. ierte once eens Eaa earn 
13. Flat strip 
14, Plate and sheet, including carbon and manganese strip-plate, boiler 


and furnace plate, and corrugated sheet............. sees 1,752,200 

18. Black iron roofing..............ee00ees 230,000 
16. Piekled;sheeta- ..-.-. - cene nie 75,000 
17. Black iron sheets, including polished....... 123,000 
18. Rims, including locomotive and streetcar... 197,500 
TO Rolled:swhecl8: 25 iino onera tarea eta 130,000 
20. Wheelspiders. .....ecesa sep rc rh rh thm rere sies rear ane 32,000 
21.-23. Billets, slabs, and bars to be warked up in other plants 946,000 
"T'otul osos ana vno ad o UNUS Ido lai ele dedica descen 11,157,500 


Source: The categories are given in B. Ia. Riabin’kii, Planirovante proizoodsiva na metal- 
lurgicheskom zavode (Moscow, 1950), pp. 229, 230. The tonnage figures ore taken for each 
category from the 1941 Plan, pp. 18-24. 


p 
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TABLE 47 
PLANNED OUTPUT OF QUALITY ROLLED PRODUCTS 
IN 1941, BY TYPE 


Type Output (tons) 
I. Alloy pipe billets or skelp. . UD La 81,000 
II, Steels for machine building (constructional). . AE 1,958,060 
1. Sections and shapes 
a. Common open-hearth. .. aoaaa AEE A 
b. Alloy open-hearth, including automobile s springs .. 326,000 
e. Electric furnace alloy, ene hall-be: iring ... 262,000 
2. Steel wire and rod......... s E05 108.700) 
3. Sheet. and plate 
a. Carbon open-hearth........... abad EPIS 348,000 
b. Alloy open-hearth.... 33000: PEL ¢ 21,150 
€. Electric furnace alloy. . ray es — 
coo Pu usdEososecog0OODOQUS QUE RICO CILE EIS Eis 174,760 
1. Sections and shapes 
a. Carbon open-hearth. .. .. xe... 60,200 
DXEleatrie furnace carbon. -.....-.. onis 52,400 
c. Electric furnace alloy, including high. speed «« .. 83,000 
2. Plate and sheet. adam 5 1 75500 


3 Carbon open- -hearth..... jum Mes — 
. Electric furnace carbon. . 
c. Electric furnace alloy. . 


IV. Special steels. . 101,530 
1. Sections and sh: apes 
n. Armco iron. 2oczcosiSOIOOONN C T TOR EE 1,200 
b. High manganese. 700 
c. Magnet steel.. 3,000 
d. Stainless, acid, : and heat-re: 8,100 
e. Chrome-silicon. ........ 2,600 
f. High tensile alloy HOS — M: 400 
PemNTiseeclectric alloY8-- oe eene ve corsets 6,700 
2. Plates and sheets 
a. Armco iron...... S ODOgO CO OSNG Ou eteis, <<: 600 
b. High manganese. DOSE M 5 
c. Stainless (hot: and | cold-rolled). m : : 4 510 
d. Magnet. . Jona : 420 
e. Dynamo..... am mnm 04000 
f. Transformer. TES 22/000 
V. Miscellaneous quality steels. - 
VI. Quality n or peu 366,000 
Unaecounted for. . Lm 1,230,000* 
sfondi AGIIRG). 6.0 8 Ab en TIO EET CETT TET CERE dis 3,914,350 


o Attention is drawn to the 1,230,000 tons unaccounted for. In Appendix D it is argued that 
this discrepancy may be steel for munitions, which is omitted from the 1941 Plan and should 
appear in the category not reported in that plan, namely “Miscellaneous quality steels.” 

Sources: Same as for Table 46. 


tion into ordinary and quality rolled products is complicated and admittedly 
somewhat arbitrary. One authority points out that, from the point of view of 
their composition and the uses to which they are put, such items as ship- 
building steels, especially manganese plates, boiler plates, and furnace plates, 
ought to be classified as quality instead of ordinary steel. Quality rolled prod- 
ucts are classified according to physical shape and then subdivided according 
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to chemical composition: whether they consist of common or alloy steel, and 
sometimes what type of alloy steel they are rolled from.!2 

The first works specializing in quality steel to begin operations in the 
Soviet era opened at Elektrostal’, near Moscow, in November 1917; but in 
1918 it produced only thirteen tons of steel. On the eve of the First Five Year 
Plan, in 1927-28, only three works in the Soviet Union were supplying qual- 
ity steel, namely Elektrostal’ and the two tsarist quality-steel works, Zlatoust 
in the Urals and Red Putilovets in Leningrad. On July 25, 1929, the All- 
Union Party Conference decided to develop quality metallurgy in the Lenin- 
grad region by reconstructing Red Putilovets (now Kirov) and the Izhora 
works at nearby Kolpino. Next, the old mill turning out merchant metal in 
Stalingrad was converted and scheduled for expansion to meet the needs of 
the new tractor works in that city. In November 1929, this plant turned out 
its first quality steel. It was followed in a small way by the Iich works in 
Mariupol (now Zhdanov). As the demand for quality rolled products in- 
creased, the latter plant turned to the production of sheet steel for planes 
and automobiles. Proud of its claim to be the first Soviet plant to produce 
tank armor, the Ilich works, with some 34,000 workers, turned out before the 
war a large quantity of armor plate.!3 

The following year (1930) witnessed the conversion of Zlatoust and the 
Serov works in the northern Urals. The latter up to 1930 had turned out rails 
and ordinary rolled shapes. Then from 1930 to 1933 Serov's production of 
carbon steel increased from 13 tons to 68,400 tons, and in 1933 it opened a 
shop for the manufacture of tool steel. Soviet production of high-speed steel 
began in 1931, and in the same year the old Verkh-Isetsk works in the Urals 
was converted from roofing to transformer steel. Two other old Urals works, 
at Chusovoi and Beloretsk, were likewise converted to the production of qual- 
ity stecl. In addition to the above-mentioned plants, which were almost com- 
pletely specialized, several plants in the category of malaia metallurgiia (see 
Appendix A) produced quality steel, so that by 1932 it was turned out in a 
total of thirty works.!! By this time there were enough big plants to warrant 
the formation of an all-Union organization for quality steel and ferroalloy pro- 
duction, known as Spetstal'. Initially (1931) it included the Elektrostal', Ham- 
mer and Sickle, Zlatoust, Verkh-Isetsk, and Cheliabinsk ferroalloy works. Other 
mills were added from time to time until shortly after World War II, when the 
ferroalloy plants were pulled out and organized with a chief administration of 
their own. 

At the end of the First Five Year Plan one more mill was converted, and 
two new mills began to produce quality steel. The old Gruzhonovskii works in 
Moscow shifted from the production of a wide variety of nuts, bolts, wire, and 
other trade products, to specialize in high-quality steels, such as manganese, 
chrome-molybdenum, and other types of alloy sheets for the manufacture of 
machinery, automobiles, and to a lesser degree, aircraft. By 1933 the open- 
hearth shop of this plant was turning out 94.7 per cent of its ingots in the form 
of quality steel.!* The Dneprospetsstal’ plant came into operation and began to 
produce carbon and alloy tool steel, including high-speed, ball-bearing, and 
stainless steels. In these same years Zaporozhstal’ began to produce high-quality 
sheet. These two works, based on hydroelectric power, later became big pro- 
ducers of electric steels, and Zaporozhstal’, specializing in alloy sheets, became 
by far the largest quality-steel plant in the USSR. 

As might have been expected, this “infant industry" suffered severe grow- 
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ing pains. Verkh-Isetsk found it so much more difficult to produce transformer 
sheets than roofing that at the beginning only 3.3 per cent of its 35 mm trans- 
former sheets met specifications. In 1930 Zlatoust produced over 350 tons of 
ball-bearing steel, but almost none of it passed inspection. The whole country 
that year was able to roll only 60 tons of ball-bearing steel. In 1931, out of 
5,800 tons of ball-bearing steel ingots, only 315 tons could be rolled, but three 
years later, in 1934, the Soviet industry was able to fulfill all industrial re- 
quirements for this type of steel. 

For technical and economic reasons, the development of quality steel pro- 
duction followed a locational pattern somewhat different than that of the basic 
grades of ordinary steel, which were, and stil] are, primarily produced in the 
south. Donbass coal is very high in sulphur content, so high that pig iron made 
from it cannot meet the requirements of quality steel without expensive special 
treatment. Therefore, the only special steel plants in the south were located at 
the Dnepr dam, where cheap hydroelectric power offset the disadvantage of 
the low-quality Donbass pig iron. The big development of quality steel pro- 
duction in the Moscow-Leningrad area is based not primarily on pig iron, but 
on the smelting of scrap in open-hearth and electric furnaces. For centuries the 
old Urals charcoal plants had turned out roofing and other ordinary steel prod- 
ucts, but since charcoal smelting gives sulphur-free pig iron, the Soviet regime 
decided that, if it were going to keep these high-cost plants in operation at all, 
they must be converted to production of high-quality iron and steel. Therefore, 
in May 1930, when the Party announced its decision to go ahead with the 
creation of the Magnitogorsk-Kuznetsk combine based on Siberian coal, it 
called for the conversion of the Urals charcoal works into the basic supply base 
for quality steel and pig iron. On the strength of this resolution, the Serov and 
Verkh-Isetsk works were converted; production at Zlatoust, Molotov, and 
Izhevsk works was expanded; the Cheliabinsk ferroalloy works was built, and 
the construction of the high-quality iron and steel plant at Cheliabinsk was 
planned. 

During the Second Five Year Plan no new plants for quality steel were 
initiated. Emphasis was placed on completion of facilities begun in the First 
Five Year Plan and on increasing output from existing facilities. The heavy 
emphasis placed on quality steel in the Third Five Year Plan, the frantic ex- 
pansion and conversion of facilities to produce quality steel for armaments 
during World War II, and the reconversion ta peacetime production have been 
considered important enough to warrant detailed attention in the text. 

One aspect of the drive for self-sufficiency in the production of quality steel 
was the creation of an entirely new branch of the iron and steel industry— 
electric furnace smelting.!é In the nineteenth and early twentieth centuries, 
Russian production of alloy steel was based on the crucible and acid open- 
hearth processes. But the development of electric furnace production in the 
capitalist countries proved to have many advantages. Its most important ad- 
vantage over the two older methods is that electric furnaces do not require 
sulphur-free and phosphorus-free mixes. Russian coal and ore supplies are high 
in both of these harmful elements. Electric furnaces provide much better tem- 
perature control and produce steels with superior physical characteristics. The 
chief disadvantages are the high cost of electrodes, which are consumed at 
the rate of go to 40 rubles per ton of steel, and the high content of nitrogen 
introduced into the steel by the electric-arc process. Electric furnaces sup- 
planted the more expensive and demanding crucible process and arrested the 
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development of the acid open-hearth process. Experience during the Second 
World War, however, indicated that many types of quality steel for machinery, 
which had earlier been produced only in electric furnaces, could be success- 
fully produced by the basic open-hearth process. 

In 1913 Russia turned out a total of 3,500 tons of electric steel. Faced with 
a sharp increase in demand for special steels during the First World War, and 
finding imports very difficult, Russia had to import both electric furnaces and 
generating equipment so that electric steel could be produced within its bor- 
ders. In 1917, prerevolutionary Russia had 12 electric furnaces, whose collec- 
tive capacity was 26 tons. The first new electric furnace to come into operation 
after the revolution was a 1.5-ton arc-type furnace at Elektrostal’, near Mos- 
cow, but expansion was very slow during the restoration period and even dur- 
ing the First Five Year Plan. By 1931 there were 42 tiny furnaces, whose total 
capacity amounted to 110 tons. 

The really rapid expansion began during the Second Five Year Plan, with 
the completion of two big electric furnace shops in Elektrostal’, two more at 
Zaporozhstal, one each at Verkh-Isetsk and Zlatoust, and many others. By 
1935 there were already 205 furnaces, whose capacity added up to 928 tons. 
The half-dozen largest electric furnace plants and their capacity in tons were 
as follows: 


Number of Total 

Furnaces Capacity 
Znporosh'8; soot essa eenaa 18 131.0 
Elektrostal’................. 18 112.4 
Kharkov Tractor Works...... 19 90.5 
Zlatoust n. Stalin.. .......... 6 62.0 
Stalingrad Tractor Works..... 13 39.0 
Sverdlovsk.............eeeee 3 32.0 
"Total; cto cre see veng, d 466.9 


Four of these six works were built under the Soviet regime, and together they 
possessed over half of the country's total capacity.!7 Five years later, in 1940, 
the number of electric furnaces had again doubled and their total capacity 
had reached 1,500 tons. 

'Table 48 shows how all this building activity was reflected in the produc- 
tion of electric furnace steel. Absolute output skyrocketed from 11,500 in 1928 
to 1,150,000 tons in 1940, one-hundredfold in a dozen years. By 1937 the So- 
viet Union claimed to be both absolutely and relatively the world's leading 
producer of electric steel.18 

To make up for the wartime losses in the west, new electric furnace shops 
were built in the east, using evacuated equipment. During the war in the east, 
sixteen new electric furnaces came into operation, principally in the big new 
shops at Cheliabinsk and Kuznetsk iron and steel plants. The latter operates 
30-ton, 8,000-kilowatt furnaces; and the former, by the end of the war, had the 
largest electric smelting shop in the Soviet Union, using 30-ton, 7,500-kilowatt 
furnaces. These sixteen furnaces were obviously not enough to make up for 
losses in the west, so open-hearth furnaces were made to produce high-quality 
steels heretofore produced only in electric furnaces. 

Little is known since the end of the war about this branch of production, 
except that the Fourth Five Year Plan called for the restoration and recon- 
struction of ninety electric furnaces. This would indicate that many of the 
small prewar furnaces were not to be rebuilt.!9 
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TABLE 48 
PRODUCTION OF ELECTRIC FURNACE STEEL, 
1913, 1927-1940 


As per cent of 


Tons total steel 
UU € 3,500 (e) 0.11 

1927-28. ...... s 11,500 (a) 0.28 (c) 
1938-29... cscs sewn 18,500 (a) 0.38 (d) 
34,900 (a) 0.60 (d) 
68,500 (a) 1.22 (d) 
100,900 (a) 1.70 (d) 
193,800 (a) 2.81 (d) 
343,700 (u) 3.55 (d) 
525,000 (b) 4.20 (d) 
845,000 (c) 5.25 (d) 
860,000 (d) 4.80 (d) 

860,000 (b) 4.6 (b) 

... . 920,000 (b) 5.3 (b) 

. 1,150,000 (f) 6.3 (d) 


—————————————————————DÉ 

Sources: TsUNEBU, Sotsialisticheskoc stroitel’stco SSSR (Moscow, 1936), p. 134. (b) I. P. 
Bardin zn3 N. P. Bannyi, Chernaia metallurgiia v novoi piatiletke ( Moscow-Leningrad, 1947), p. 
24. read Som grapb. They correspond with (a) for the years 1927-28 throuch 1934. (c) S. M. 
Vemmgarten, Ekonomika i planirovaniia chernoi mctallurgii SSSR (Moscow, 1939), pp. 83, 124 
Set (6) L M. Gushman, "Steel Smelting Production in the USSR up to the Thirticth Anni- 
vesaer of the October Revolution," Stal’, 1947. no. 11, pp. 986-993. (e) F. P. Edneral, Elek- 
zmmucalluspün (obshchii kurs) (Moscow, 1950), pp. 17, 18. (f) Calculated from Girshman’s 
mercentape of total steel. There are small differences among the various sources cited for certain 
vers. See also Pica. Khoz, 1939, no. 3, pp. 80-81. 
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The Steel Consumed by the 
Munitions Industries 


This appendix explains the derivation and meaning of data presented 
in summary form in Chapter 1, as well as additional material on the consump- 
tion of steel by Soviet armament industries. Our basic source of information 
is the collection of statistical tables compiled by L. P. Shul’kin (in Potreblenie 
chernykh metallov v SSSR, Moscow-Leningrad, 1940), showing the production 
and consumption of iron and steel during the thirties. Since the tables include 
all consumers, industry by industry, the problem was to find which heading 
or headings included munitions. As explained in Chapter 1, munitions are ap- 
parently included in the harmless-sounding category of “Miscellaneous machine 
building.” Tables 49 and 50, abstracted from Shul'kin, give the consumption of 
iron and steel by “Miscellaneous machine building,” for purposes of construc- 
tion and fabrication. 

Since the defense plants have to be built before munitions can be turned 
out, let us first turn our attention to steel allocated to construction. From a low 
point of 136,000 tons in 1933, the tonnage of iron and steel products con- 


TABLE 49 


CONSUMPTION OF IRON AND STEEL BY MUNITIONS 
INDUSTRIES FOR CONSTRUCTION, 1932-1938 


Munitions industry All construction 
Per cent of 
machine- Per cent of Per cent of all 
1,000 building total USSR 1,000 iron and steel 
tons construction construction tons produced 

1932 252.3 45.8 17.1 1,465.4 19.3 
1933 135.6 65.9 12.8 1,059.9 13.5 
1934 164.4 72.8 11.3 1,453.6 11.6 
1935 290.8 73.4 13.5 2,160.2 15.7 
1936 745.5 82.5 21.8 3,432.8 20.8 
1937 793.0 84.5 24.7 3,213.8 18.4 
1938 880.1 94.3 30.6 2,865.8 16.8 


re aa 
Source: L. P. Sbul’kin, compiler, Potreblenie chernykh metallov v SSSR (Moscow-Leningrad, 
1940), pp. 20f. 
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TABLE 50 


CONSUMPTION OF IRON AND STEEL BY MUNITIONS 
INDUSTRY FOR FABRICATION, 1932-1938 


All iron and steel Quality rolled produets 

Percent Per cont Per cent Per cent 
of USSR of of USSR of 

1,000 total machine 1,000 total machine 

tons fabrication building tons fabrication building 
1932 1,394.3 22.7 39.4 77.2 15.4 Wat 
1933 1,242.5 18.3 30.9 266.0 312 35.9 
1934 2,040.2 18.4 36.7 361. 31.0 39.3 
1935 2,377.1 20.5 35.9 §21.5 33.2 44.0 
1936 2,127.8 16.2 29.7 609.8 20.6 41.1 
1937 3,226.1 2217 42.5 750.2 31.5 415.5 
1938 4,106.1 29.0 53.0 1,081.1 12.3 55.1 


Source: L. P. Shul'kin, compiler, Potreblenic chernykh metallov v SSSR ( Moscow-Leningrad, 
1940), pp. 208. For an estimate of consumption derived from scrap collections by munitions in- 
dustries, see note 6 of Chapter 10 above. 


sumed by "Miscellaneous machine building" rose precipitously to a total of 
880,000 tons in 1938. The share of "Miscellaneous machine building" in all 
construction rose from one-eighth in 1933 to one-third in 1938. Most remark- 
able, however, is the high and steadily increasing share of steel taken by this 
mysterious industry out of the construction materials allocated to all types of 
machine building. The share rose steadily from 45.8 per cent in 1932 to 94.3 
per cent in 1938. In other words, by 1938 "Miscellaneous machine building" 
plants were getting so much of the available steel that construction virtually 
ceased in all other machine-building industries, including heavy machinery, 
machine tools, automobiles and trucks, tractors, farm machinery, electrical 
machinery, railroad locomotives and equipment, and shipbuilding. In the last 
prewar year, all of them together received only one-twentieth as much as “Mis- 
cellaneous machine building." 

The figures of total steel allocated to all types of construction taken to- 
gether may be of interest for comparative purposes. The total figures for con- 
struction are obtained by adding the amounts of ordinary rolled products, 
steel pipe, and cast iron pipe allocated for purposes of construction. Each of 
the components reveals patterns similar to those we have noted for their sums. 
In the three years preceding the outbreak of World War II, the tonnage of all 
iron and steel going into construction fell from a peak of 3,432,800 in 1936 to 
3,213,800 in 1937 and to 2,865,800 in 1938. These figures represent a relative 
decrease in the share of total USSR iron and steel production from the high 
of 20.8 per cent in 1936 to 18.5 per cent and 16.8 per cent in 1937 and 1938. 
By contrast, as we have seen, the absolute and relative shares devoted to the 
construction of munitions plants in these years steadily rose. 

Let us next turn our attention to the question of how much steel was allo- 
cated for the actual production of munitions themselves (Table 50). From 
1933 to 1938 the increase in tonnage from 1,200,000 tons to 4,100,000 tons 
comes to roughly 350 per cent. During the same period, munitions were gain- 
ing at the expense of other consumers, increasing their share from 18 to 29 
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per cent of total Soviet consumption. The jump in both absolute and relative 
terms was particularly noticeable in the last two years of the period. In 1938 
the absolute consumption was double that of 1936, and by 1938 munitions 
industries were getting more steel for fabrication than all of the other ma- 
chinery manufacturers put together. 

Our discussion has shown that one of the main reasons for introducing the 
new line of quality-steel products was to meet the demands of modern arma- 
ment manufacture. Particularly significant, therefore, are the data in Table 5o 
that indicate the tonnage of quality steel consumed by "Miscellaneous machine 
building." This series rises without interruption from 77,000 tons to over 1,- 
000,000 tons in the six years preceding the Hitler-Stalin pact. The share of 
munitions in total Soviet consumption of quality rolled steel jumped from 15 
to 42 per cent. By 1938 the munitions industry was getting the lion's share 
of quality steel going to the machinery industry — 55 per cent. 

Up to this point we have been talking about consumption by different ad- 
ministrative units, and particularly by the munitions industries, of very broad 
product categories. Most of Shul'kin's statistical tables deal with the consump- 
tion in 1938 of iron and steel products, broken down into well defined sub- 
categories. One, therefore, might hope to find details for 1938 about the 
production and consumption of products such as armor plate, which could be 
easily identified as steel destined for the manufacture of munitions. Unfor- 
tunately, however, this is not possible. Such products have simply been elimi- 
nated from the data presented by Shul'kin. 

Perusal of his book reveals that in almost every case the breakdown by 
sub-group adds up to the totals presented for the broad categories taken as a 
whole. This is true of pig iron and ferroalloys, ordinary rolled products, and 
pipe. (Of course, as Shul'kin readily admits, there are a large number of dis- 
crepancies, because of the inherent difficulties of collating any such mass of 
data.) The prominent exception is quality rolled steel. For this category, the 
sum of the individual sub-groups falls short of the totals we have been talking 
about by 800,000 tons. Futhermore, the product data fails to include categories 
such as alloyplate, which could include armor plate or other types of steel des- 
tined primarily for munitions manufacture. To be precise, the total amount of 
quality rolled steel produced and allocated to the various industries (Shul'kin, 
pp. 20-24) is 2,559,600 tons, whereas the sum of the various types of quality 
rolled steel (pp. 260-261) is only 1,759,627 tons. The discrepancy to be ac- 
counted for is 799,973 tons. The next step is to cross-check the totals for each 
of the three dozen industries. In every case but one the totals correspond ex- 
actly or differ by inconsequential amounts. The notable exception, of course, 
is our old friend "Miscellaneous machine building." The sum of the individual 
product categories consumed by this industry is short by 797,848 tons! In other 
words, the only products omitted from hundreds of pages of statistical data are 
certain types of quality steel sold to one out of several dozen industries. As we 
might expect, the munitions industry did receive large quantities of ordinary 
rolled steel and certain types of quality rolled steel that cannot be identified 
as exclusively or even primarily destined for munitions manufacture. The data 
on such products, Shulkin presents in his customary detail They include 
283,252 of the 1,081,100 tons of quality steel sold to the munitions industry. 

In addition to the obvious security reasons for which precise data on such 
items as armor plate would be blue-penciled from any Soviet publication, there 
turns out to be a simple explanation why some of the data Shul'kin was using 
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included munitions steel and why the rest of his data did not include it. The 
data prepared for the planning end of the business and presented in terms of 
broad product groupings for the preparation of five-year plans, and the reports 
of their fulfillment, do include munitions steel. It is from such sources that 
Shulkin apparently obtained his all-inclusive data. He was primarily con- 
cerned, however, with the geographic distribution of steel, from particular 
producing to particular consuming regions throughout the Soviet Union. Such 
detailed shipment data were available only in the files of Glavmetallosbyt, 
the sales organization of the iron and steel industry. All orders for specifically 
defense purposes, however, are handled in a special account of Glavmetallosbyt 
that is not included in the usual monthly returns. Shul'kin's detailed data, in 
which our discrepancy appears, were taken from these Glavmetallosbyt files 
which exclude armament steel. (This administrative arrangement was explained 
in a letter from a Soviet refugee, the engineer N. H. Polakowski, to Mr. Lynn 
Turgeon, who made it available to this writer.) 

One might expect to find similar discrepancies in other Soviet studies of 
the consumption of quality steel. This turns out to be the case in the article by 
Guttsait and Spivak, "Recent Changes in Metal Consumption in the USSR” 
(Plan. Khoz., 1937, no. 3). The discrepancies in their data for earlier years, as 
compared with that found in Shul'kin, follow: 


Discrepancy As a per cent of all 
in 1,000 tons quality rolled steel 
1927-28.. 4.6 5.1 
1932..... 87.3 12.8 
1935 257.4 15.4 
1938 797.8 31.2 


(These discrepancies were pointed out in the correspondence of the late 
Nicholas Rodin, who, for reasons other than those given above, was also of 
the opinion that the discrepancies represented armament steel.) In view of the 
argument presented above, this pattern can hardly be coincidental, and there- 
fore gives us another indication of the increasing absolute and relative amounts 
of steel going into the production of munitions in the decade preceding World 
War Il. 

An analogous discrepancy in the 1941 Plan may give us an indication of 
the absolute and relative amounts of munitions steel planned for that crucial 
year. Soviet quality steel is divided into six clearly defined categories and nu- 
merous sub-groups. For each of these the 1941 Plan gives precise tonnage 
figures, and the various sub-groups add up exactly to the totals of their cor- 
responding categories. The one category not mentioned in the 1941 Plan is the 
fifth, "Miscellaneous quality steels." The omission of this category leaves 1,230,- 
000 tons unaccounted for, out of the stated total of 3,914,350 tons of quality 
steel. Our suspicions are further aroused by the fact that the plan includes all 
of the 23 categories of ordinary rolled steel (Table 46), as well as pipe and 
forged products drawn from rolled billets. The sum of these items plus quality 
steel adds up to the designated total of 15.8 millions tons of rolled products. 

In addition to giving us product breakdowns, the 1941 Plan tells us the 
total tonnage of quality steel and the tonnage of each of the four categories 
which the various commissariats were supposed to produce in 1941. By sub- 
traction we can discover the share of each producing commissariat in the ton- 
nage not accounted for. This has been done in Table 51, and we find it consists 
of the following: 986,350 tons to be produced by the iron and steel industry; 


GTE 


TABLE 51 
PRODUCTION QUOTAS FOR QUALITY ROLLED STEEL, 
BY PRODUCER, 1941 PLAN 


Iron Local “Other’’as 

and Heavy Medium industry percentage 

steel Electricity machinery machinery Lumber RSFSR “Other” Total of total 
Alloyed skelp..... 76,300 — 1,200 — — — 3,500 81,000 4.3 
Constructional.... 1,440,480 1,000 102,595 31,700 7,100 12,500 362,685 1,958,060 18.5 
DOOM, eese etes 110,400 — 1,200 1,300 1,000 18,500 49,360 174,760 24.9 
Special... 22,470 76,000 2,005 — — = 4,055 104,530 3.9 
For rerolling...... 265,000 — 3,000 — — — 98,000 366,000 26.8 
Unaecounted for.. ^ 986,350 — 4,000 — — — 239,650 1,230,000 19.5 


Total........ 2,901,000 77,000 114,000 33,000 8,100 31,000 750,250 3,914,350 


Source: This table was prepared by Lynn Turgeon from pp. 20-24 of the 1941 Plan. 


320 THE ECONOMICS OF SOVIET STEEL 


4,000 tons to be produced by the Commissariat of Heavy Machinery; and 
239.650 tons to be produced by "other" commissariats. The sum of these three 
figures equals the total discrepancy of 1,230,000 tons. It is well known that 
the bulk of armor plate and other steels going into the manufacture of muni- 
tions in western countries is produced by the iron and steel industry rather 
than in the defense plants themselves, and the Soviet Union is no exception 
to this rule. 

The 1941 Plan was a confidential document. Nonetheless, it tells us that 
armament production in terms of natural units has been abstracted and pub- 
lished in a separate, more highly classified appendix. It is not unreasonable, 
therefore, to assume that identifiable types of armament steel would likewise 
be left out of the 1941 Plan. Although the evidence is less conclusive than that 
explaining the discrepancy in Shul'kin's figures for 1938, I have examined and 
rejected a number of other possible explanations for the discrepancy in the 
1941 Plan. I, therefore, tentatively accept the hypothesis that the plan called 
for the production of 1,230,000 tons of munitions steel, amounting to 31.4 
per cent of all quality rolled products. 

This 31.4 per cent may have seemed a relatively small and stable percent- 
age of quality steel assigned to armaments by the Soviet leaders when the 
plan was drawn up in 1940. One possible explanation is that Soviet armament 
production, like that of Germany, Great Britain, and the United States, did 
not really get going full blast until after the Soviet Union got into the war. 
This view is substantiated by the Soviet writer Klimenko, who says, "Before 
the war the Urals produced no armor plate. Nevertheless, in January 1942, 
the armor plate output of Urals' plants equaled the half-year's prewar output 
of the whole USSR" (Ural'skii promyshlennyi raion, p. 45). 


APPENDIX Ẹ, 


New and Reconstructed Soviet Blast Furnaces 
Blown In, 1924-1948 


(Reconstructed furnaces are marked n.) 


Furnace Capacity 
Works number (m?) Sources 


After 1924 Nizhniaia Salda 1 371 (a) 
Nizhniaia Salda 2 278 (a) 
C'husovol: x uet oe ecu 3 257 (a) 
Dneprodzerzhinsk............... 6 556 (a) 
1927-28 Dneprodzerzhinsk............... 3 586 (a) 
1928 EnakgevOs iusso ee sio ets 5 756 (c) 
1929 Kerch.. 1 615 (c) 
Makeevka — Kirov.............. 4 842 (c) 
1930 Nizhnii Tagil — Kuibyshev....... 1 258 (a) (b) 
Nizhnii Tagil — Kuibyshev... 2 258 (a) (b) 
ponpid n m EP 3 791 (c) 
Kerchiss -oeseexe eter riis 2 629 (e) 
Kerch. 3 698 (e) 
1931 Stalino... 4 627 (e) 
Makeevka i 3 842 (c) 
1932 Makeevka — Kirov... 2 842 (c) 
Dneprodzerzhinsk. . WA 930 {c) 
Kosaia Gora. ........ 3 697 (c. 
1/31/32 Magnitogorsk. 1 1180 (o (e) 
4/2/32 Kuznetsk...... 1 828 (c) (d) 
6/5/32 Magnitogorsk. 2 1180 (c)(e) 
7/16/32 Kuznetsk...... 2 828 i (d) 
1933 Stalino....... 3 627 c) 
Voroshilovsk................e ee 1 930 (c) 
6/26/33 Magnitogorsk............-....-5 3 1220 iQ (e) 
8/11/33 Zhdanov — Azovstal' . ines 1 930 o) (d) 
9/16/33 Zaporozh’e — Zaporozh’stal’ D 1 1000 (c) (d) 
12/30/33 Magnitogorsk 4 1176 3 (e) 
1934 Novo-Lipetsk 1 930 (c. 
Voroshilovsk 2 930 (c) 


(a) Sovetskaia Metallurgiia, 1937, no. 11, pp. 12-13. We have very little information about 
these furnaces. It is possible that Nos. 3 and 6 at Dneprodzerzhinsk were thoroughly reconstructed 
furnaces rather than brand new ones as claimed. See Metall, 1928, no. 11-12, pp. 230—281, and 
N. M. Fomenko, “Iron and Steel Works Named after Dzerzhinskii," Stal’, 1948, no. 1, p. 72. 

(b) Trud, September 20, 1945, says that two new blast furnaces were blown in during 1930. 

(c) Sov. Met., 1937, no. 11, p. 50. 

(d) S. M. Veingarten, Ekonomika i planirovaniia chernoi metallurgii SSSR (Moscow, 1939), 
p. 351. 

(e) Sov. Met., 1987, no. 10, pp. 32-40. 
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Furnace — Capacity 
Works number (m) Sources 
1/18/34 Kuznetsk,.... een 3 1163 (c) (d) 
Ys Zhdanov — Azovstal’. za 2 930 (c) (d) 
3/5/34 Zaporozh'e — Zaporozh'stal'. 2 1100 (c) (d) 
8/3/34 Krivoi Rog........ ee eee I 930 (c) (d) 
12/20/34 . Kuznetsk.... 4 1163 (c) (d) 
1935 Novo-Lipetsk 2 930 (c) 
Novo-Tula. . 1 930 (c) 
5/8/35 Krivoi Rog....... 2 930 (c) (d) 
1936 Makcevka — Kirov.. 1 1143 (c) 
Novo-Tula......... 2 930 (c) 
1937 Dnepradzerzhinsk. ......... 8 930 (c) 
1938 Znporozh'e — Znporozh'stal' . 3 1300 (D 
Zhdanov — s pe ANDE 3 1300 (t) 
4/26/38 Dneprodzerzhinsk . . 7 972 (f) (g) 
1939 Krivoi Rog......... eee 3 1300 (f) 
1940 Zaporozh'e — Zaporozh’ stal’. 1000 (f) 
Zaporozh'e — Zaporozb’stal’. 1000 (f) 
Novo-Tagil............. 1100 (t) 
Novo-Tagil......... 1100 (f) 
Zhdanov — Azavstal’ 1300 (f) 
1941 Petrovsk-Zabnikal'skii . 225 (h) 
Petrovsk-Zabaikal'skii. ..... 225 (h) 
1300 (c) (i) 


Zaporozh'e — Zaporozh'stal'. 


12/4/42 Magnitogorsk............-000 00 1371 (f) 9 


(200) (k) (o) 


1943 Verkhnii Ufalei. 
Chusovoi.. . bis 600 (f) (À) 
Kosaia Gora. . R 364 (m 
Kosaia Gora. . R 365 m 
Kosaia Gora. . R 697 m) 
Nov. 1943  Novo-Tugil.. 1060 (f) (tt) 
1300 (f) (uu) 


Dee. 1943 Mag nitogorsk. 


1 
2 
1 
2 
4 
1 
2 
4 
5 
2- 
1 
2 
3 
3 
6 
$ (461) (m) (n) (o) 
1 

1 

2 

1 


12/29/43 kievo, R 
12/23/43 Rete, R (202) m) (n) (0) 
1944 Cheliabinsk . 1000 (p) (a) 
3/27/44 Enakievo R 457 (m) 
3/30/44 Stalino.... T R 450 (m) 
4/11/44 NovosTEulnza xe saci cx canes R (930) (m) 


e Information not available. 
(f) M. A. Pavlov, Metallurgiia chuguna, Chast’ II], domennaia pcch' (Moscow, 1947), pp. 


126—131, cross-checked with other knowm data. 

(g) Stal’, 1947, no. 2, p. 106, gives date blown in. 

(h) N. M. Surovoi, ed, Problemy chernoi mctallurgii, materialy nauchnoteknicheskoi sessii 
moskouskii institut stali (Moscow, 1939), p. 8, reported in 1989 that the Petrovsk furnaces were 
to be built in the Third Five Year Plan with a capacity of 225 m’, although enrlier plans had 
contemplated the construction of only a conversion works (see Sov. Met., 1937, no. 8, p. 6). The 
Bulletin of the Amcrican-Russian Chamber of Commerce, no. 744, abstracted from the Soviet 
press, reported in January 1941, that two new blast furnaces at Petrovsk-Zabaikal'skii had re- 
ceived preliminary tests. 

(i) According to A. Litvak (Stroka piatiletki, povesť? o bitve za stal’noi list (Zaporozh'e- 
Moscow, 1948), pp. 11ff), Furnace No. 4 was only a few weeks short of completion in June 1941. 
This is confirmed by Pravda, June 30, 1947. 

(j) N. I. Krasavtsev and M. Ia. Ostroukhov, Rabota mastera na sovremennoi domennoi pechi 
(Moscow, 1949), pp. 517-518. 

(k) Iscestiia, November 20, 1943, and Pravda, July 30. 1948. The size is not stated, but 
this is the standard size for new charcoal blast furnaces. 

(1) Planovoe Khoziaistvo, 1944, no. 1, p. 33. 

(m) Pravda, July 29, 1945. 

(n) Trud, September 8, 1945. 

(0) Where the exact volume of reconstructed furnaces is not known, we give the 1941 volume 
as shown in reference (f) and bracket the number. 

(p) Moscow News, December 27, 1944, 

(a) Klimenko, Ural’skii promyshlennyi raion (Moscow, 1945), p. 36. 

(tt) Plan. Khoz., 1944, no. 3, p. 39. 

(uu) Elimenko, p. 44. 
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Furnace Capacity 
Works . number (m?) Sources 
6/4/44 Stalino.... 0... cece eee ee eee ic 3n 676 (m) (8) 
7/9/44 Konstantinovka. . .. — ln 335 (m) 
7/21/44 Makeevka — Kirov. Sue 2n 942 (m) (t) 
9/16/44 Satka.. = 205 (r) 
9/28/44 Dnepro netrovak — Petrovslii, . .. . 5R (688) (m) 
10/14/44  Voroshilovsk............... DUM 5n 595 (m) 
10/22/44 Dneprodzerzhinsk GR 930 (m) 
10/28/44 — Dnepradzerzhinsk in (427) (m) (u) 
1945 Cheliabinsk 2 1000 (p) (v) 
4/19/45 Voroshilovsk 4n (259) (m) 
5/11/45 Kramatorsk — Kuibyshev........ 3n 550 (m) 
7/26/48 Zhdanov — Azovstal’..... 3n 1300 (w) 
11/4/45 Enakievo 3n 791 (x) 
12/19/45 ^ Konstantinovka. 2n 400 (y) 
Dec. 1945 Dnepropetrovsk — Petrovskii 4n (643) (2) 
Jan. 1946 Almaznnia 2n (393) a2) (bb) 
6/16/46 Dneprodzerzhinsk . 7n 945 fea} (cc) 
7/1/46 Makeevka — Kirov. à ln 1148 (an) (dd) 
Aug. 1946 Zhdanov — Azovstal’ . P 4n 1300 (aa) i 
1946 Magnitogorsk. . i 7 1300 (as) 


lesnega on page 324.] 
(r) Pravda, September 18, 1944. 
(s) This checks with the statement that it was the second at Stalino and fifth in the Donbass 
to go into operation. 


(t) Trud, August 22, 1944, says that by August 1 the south had restored 7 blast furnaces, 
which checks with our table. 

(u) Pravda, December 30, 1944, says that there were 8 blast furnaces in operation in the 
Donbass, which checks with our table. Bolshevik, 1948, no. 4, says that during 1942, 1948, and 
1944, 24 blast furnaces went into operation in the USSR, which checks with our table. 

(v) Reference (p) says that it is to be blown in shortly. Stal’, 1947, no. 11, p. 969, says 
that it began operntions during the war. Klimenko, p. 44, and Trud, January 19, 1946, say that 
there were 6 built in Cheliabinsk Oblast during the war, which checks with our table. 

(w) Trud, July 28 and August 17, 1945; Pravda, July 27, 1945. 

(x) Pravda, November 5, 1945; Trud, September B8, 1945. 

(y) Pravda, December 20, 1945. Trud, December 20, 1945 says that this brings the num- 
ber of restored blast furnaces in Stalino Oblast to 11, which checks with our table. There turned 
out to be considerable delay in getting this furnace into complete operation, which did not occur 
until February 1946. Therefore, in most compilations, this furnace is included os one of those 
blown in during 1946. See for example Plan. Khoz., 1948, no. 8, p. 26. 

(z) Trud, December 12, 1945, 

(na) Plan. Khoz., 1948, no. 3, p. 26. 

(bb) Began heating the furnace in December 1945, which also led to confusion in reporting 
the number beginning operations in 1945 and 1946. See Pravda, December 2, 1945. Pravda, 
February 17, 1946 reported that a total of 22 blast furnaces had been restored, which agrees 
with our table. 

(cc) Trud, June 18, 1946; Stal’, 1947, no. 2, p. 108. 

(dd) Trud, july 2, 3, 1948. 

(ee) Trud, July 28, 1945; August 27, 1946; Stal’, 1947, no. 12, p. 1079. 

(ss) The USSR Information Bulletin, January 22, 1944, p. 6, says, “But Magnitogorsk is 
not yet complete, A seventh blast furnace is already under construction and an eighth is being 
planned.” Trud, June 1 and June 15, 1946, reported only 6 in operation at Magnitogorsk, which 
indicated that No. 7 came in during the second half of 1946, because I. P. Bardin and N. P. 
Bannyi (Chernaia metallurgiia v novoi piatiletke, Moscow-Leningrad, 1947, p. 78), say, “Al- 
ready in the first year of the new Five Year Plan (1948) the development of blast-furnace 
technique in the direction of increasing the useful capacity found clear expression in the starting 
up of a new blast furnace at Magnitogorsk combine of over 1300 cubic meters . . .” 
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Furnace Capacity 

Works number (m?) Sources 
Jan. 1947  Alapaevsk............ esee 1 200 (f) (ff) 
6/29/47 Lipetsk — Svobodnyi Sokol’...... 2n 630 (hh) (ce) 
6/30/47 Zaporozh'e — Zaporozh’stal’ 3n 1300 (i) 
Oct. 1947  Voroshilovsk In 1030 (jj) (kk) 
6/29/48 Stalino..... ln (565) (Hl) 
7/5/48 Zaporozh’e — Zaporozh’stal’ An 1300 (mm) 
10/30/48 . Dneprodzerzhinsk 8n 1100 (nn) (oo) 
Dec.1948  Krivoi Rog.... In (930) (pp) 

2n (1050) (qq) (rr) 


12/31/48  Voroshilovsk.. 


(ff) Pravda, January 1, 1947. This is nnother source of confusion, Its construction was com- 
pleted in November 1945 (Izvestiia, November 15, 1945), but it took over a yenr to get it 
operating. Other sources report it as beginning in early 1947. 

(gg) Most sources report 6 furnaces completed and put into operation during 1946. Sec 
Plan. Khoz., 1948, no. 3, p. 26; L. Volodarskii, Poslevoennaia piatiletka o deistvii (Moscow, 
1947), pp. 23H; Stroitel'naia Promyshlennost’, 1947, no. 11, p. 4; G. Evstnf'ev, Vsenarodnoe 
sorconovanía za dosrochnoe oypolnenic poslevocnnoi piatiletki (Moscow, 1949), p. 37. Our figure 
is confirmed by the statement in Pravda, December 30, 1946, that 5 were put into operation in 
the Ukraine in 1946. The following statements also correspond with our table: Trud, September 
7, 1946, says that 13 were operating in Stalino Oblast in September 1946. Izvestiia, October 20 
and December 27, 1946, says that 21 had been restored and put into operation in the Ukraine. 
Voprosy Ekonomiki, 1948, no. 6, p. 78, and Stal’, 1947, no. 1, p. 3, both say that hy the 
beginning of 1947, 25 furnaces had been restored in the liberated regions of the south and 


center, 

(hh) Trud, June 29, 1947. 

(ii) Pravda, June 30, 1947; Litvak, p. 73. 

(ji) Izvestiia, December 15, 1945, said that it would soon go into operation. Apparently, 
however, there was an unanticipated delay until October 1947. Sec Komsomol'skaia Pravda, 
October 30, 1947. 

(kk) Stroi. Prom., 1947, no. 1l, p. 4; Narodnoe Khoziaistvo, 1947, p. 432, quote reports of 
the Central Statistical Administration that 3 blast furnaces came into operation in the first half 
of 1947. For the whole year of 1947, Stroi. Prom., 1948, no. 1, p. 1, reports that four came 
into operation, which includes Voroshilovsk, Furnace No. 1. 

(1) Trud, June 30 and November 6, 1948. 

(mm) Trud, August 8, 1948. 

(nn) Trud, October 1 and November 6, 1948. 

(oo) Plan. Khoz., 1948, no. 5, p. 7, says that in 1948 up to October three furnaces cnme into 
operation, at Stalino, Zaporozh'e, and Dzerzhinsk. 

(pp) Pravda, April 5, 1948, says it should be restored at the end of 1948, and Trud, Decem- 
ber 12, 1948, refers to it as completed. 

(qq) Pravda, January 1, 1949, reports that it was blown in 45 minutes before midnight! 

(rr) Stroi. Prom., 1948, no. 11, p. 1, reports that the 3 were completed by October, and 
says that 5 more were due for completion in the last quarter if the 1948 plan of 8 furnaces was 
to be met. Of these 5, 2 got under the wire. That left 3, at Makeevka, Enakievo, and Azovstal', 
that failed to be completed on time. Trud, January 8, 1949, reported No. 2 at Azovstal' com- 


pleted. 


APPENDIX F 


Production of Pig Iron, Steel, and Rolled 
Products, 1940-1954 


(million tons) 


Pig iron Steel Rolled products 
Per cent of Per cent of Per cent of 
previous previous previous 

Year year Tonnage year Tonnage year Tonnage 
1940; zs 14.9 18.3 13.1 
1941 Plan... 18.0 22.4 15.8 
1942 4.8 $ : s - 
1943....... 5.6 * 8.5 : 5.6 
1944 7.4 129 (b) 10.6 128 (b) 7.2 
1945 8.9 115.6 (c) 12.3 118 (c) 8.4 
1946.... 10.0 109 (i) 13.4 113 (i 9.6 
1947. ... 11.3 109 (i) 14.6 115 (à 11.0 
1948.... 13.9 128 B 18.6 128 (j) 14.1 
1949.... 16.5 125 (f) 23.3 127 (f) 17.9 
1950.... 19.3 117 (g) 27.3 116 (g) 20.8 
1951.. 22.0 115 (h) 31.4 115 th) 23.9 
1952.. 25.1 110 (k) 34.5 112 (k) 26.8 
1953.. 27.4 110 (m) 38.0 110 Eh 29.5 
1954 29.9 108 (n) 41.0 109 (n) 32.2 
1955 Plan (l) 34.0 44.2 34.1 


* Information not nvailnble. : 

(a) N. Voznesenskii, Voennaia ekonomika SSSR v. period otechestvennoi voiny (Moscow, 
1948), p. 142. 

(b) V. M. Buzyrev, Vosstanovitel'nye raboty i ikh finansirovanie (Moscow, 1945), p. 24. 

(c) Pravda, February 17, 1948. 

(d) Stal’, 1947, no. 8, p. 875. 

(e) Trud, February 4, 1949. 

(f) Planovoe Khoziaistoo, 1950, no. 1, p. 4. 

(g) Voprosy Ekonomiki, 1950, no. 4, p. 30. 

(h) Pian. Khoz., 1952, no. 1, pp. 1f. 

(i) Plan. Khoz., 1948, no. B, p. 5. 

(i) Trud, January 20, 1949. 

(k) Pravda, February 24, 1958, gave the figures of 25.85 million tons of pig iron nnd 27 
million tons of rolled products. Pravda, Janunry 23, 1953, gave the percentnges. 

(1) The plan calls for the following increnses in 1955 over 1950: pig iron 76 per cent, steel 
82. per cent, rolled metal 64 per cent. See Pravda, August 20, 1952. 

(m) Pravda, January 31, 1954. These figures check with Khrushchev's statement that in 1953 
the USSR produced 15 million more tons of steel than 4 years previously, and over 11 million 
more rolled metal, which was 2.2 times as much as in 1940 (Pravda, March 7, 1954). 

(n) Pravda, January 21, 1955. 


326 THE ECONOMICS OF SOVIET STEEL 


This table was computed in the following way. First, absolute figures for 
1950 were computed by using the official figures on percentage increases be- 
tween 1940 and 1950 (given in Pravda, April 17, 1951). The rest of the 
absolute figures were then computed by working backward and forward from 
the 1950 figures by means of the figures on annual percentage increases. The 
figures thus computed check with a number of other statements which have 
been made by the Soviet leaders. (1) Pervukhin said that in the first two years 
of the Fifth Five Year Plan, 2.4 times as much steel would be produced as in 
the first two years of the Fourth Five Year Plan (Pravda, November 7, 1952). 
(2) Malenkov said that from 1949 to 1951 pig iron production increased by 
some 8 million tons, steel by 13 million tons, and rolled metal by 10 million 
tons (Pravda, October 6, 1952). (3) According to Plan. Khoz., 1952, no. 6, 
p- 37, output in 1952 would exceed 1940 output by 70 per cent in pig iron, 
go per cent in steel, and over 100 per cent in rolled products. (4) According 
to the USSR Information Bulletin, February 11, 1952, p. 68, 1951 production 
exceeded that of 1950 by 2.7 million tons of pig iron, about 4 million tons of 
steel, and about 3 million tons of rolled metal. 

Because Voznesenskii expressed output for the eastern regions during the 
Second World War in terms of "common units" of pig iron, steel, and rolled 
products, several observers have suspected that the production statistics for 
other regions and for the USSR in other years might also have been expressed 
in "common units," without indicating the fact. We consider this possibility 
extremely unlikely. In the first place, it is perfectly clear that this was not the 
practice before the Second World War. In Chapter 15 we described the con- 
version coefficients for different types of pig iron and steel and showed how 
they were used for certain clearly defined purposes in planning new capacity 
and in comparing the productivity of furnaces producing different types of 
iron and steel. We have clear evidence that common units were not used in 
1933 (see S. G. Strumilin, Chernaia metallurgiia v rossii i o SSSR, teknicheskii 
progress za 300 let, Moscow, 1935, pp. 302-308) nor in 1938 (L. P. Shul'kin, 
compiler, Potreblenie chernykh metallov v SSSR, Moscow, 1940, passim), nor 
in the 1941 Plan (pp. 17-27). Similar evidence for other prewar years could 
doubtless be found. 

In the second place, the reason that Voznesenskii used common units to 
compare wartime production with 1940 is perfectly clear. The increase in the 
share of ferroalloys in pig iron production, and of alloyed and high-quality 
steel in steel ingot and rolled-products production, would tend to overstate 
wartime production in common, compared to natura], units. On the other hand, 
it is equally clear that the Fourth Five Year Plan (1946-1950) called for a 
reduction in the share of alloy and quality products. Furthermore, we know 
that this actually occurred on a large scale during 1946 and 1947, and prob- 
ably through 1949. Therefore, the use of common units would have under- 
stated Soviet achievements in those years, something which Soviet statisticians 
have never been known to do! Of course the increase in the production of 
high-grade products since 1950 would tend to inflate statistics in common 
units again, but it is unlikely that even Soviet statisticians would shift defini- 
tions from month to month without, at least, giving some indication in the 
technical and economic press. This behavior would also show up in the form 
of internal inconsistencies, which should be relatively easy to spot. 

Finally, our test of consistency made in Appendix G clearly indicates that 
the Soviet practice of using common units to express productivity and natural 
units to express total output has continued through 1948. 


APPENDIX G ——— 


A Test of the Reliability 
of Soviet Statistics 


An interesting check on the reliability of Soviet statistics can be made 
by comparing the data on production of pig iron, blast-furnace capacity, and 
blast-furnace productivity that have been assembled in this study. We have 
indicated earlier that the data through 1936 were so voluminous, detailed, and 
complete that their reliability cannot be questioned. Soviet statisticians gave 
us a complete monthly "box-score" on practically every Soviet furnace. Since 
1937, however, the statistics on iron and steel have been so scarce and their 
publication so intermittent that one must reckon with the possibility that the 
Gosplan may have simply made up and released some exaggerated series. This 
suspicion finds support in the fact that since 1938 the Russians have not regu- 
larly released information on the total Soviet blast-furnace capacity that would 
make it possible to check the production and productivity figures for consis- 
tency. By piccing together hundreds of bits of information from the Soviet 
press, however, we have been able to build up our own series on blast-furnace 
capacity through 1948. By means of this estimate we are able to do something 
the Russians never expected, namely to test the consistency of the all-Union 
productivity and the all-Union output of pig iron, and thereby have an im- 
portant test of the reliability of all three series. This test we shall present here 
for two years, 1940 and 1948. 

The year 1940 is chosen for three reasons. In the first place, from Pavlov's 
tables (Metallurgiia chuguna, chast III, Moscow, 1947, pp. 126-131) and 
our knowledge of the industry, we have a firm reliable figure on the total ca- 
pacity of blast furnaces in operation that year. Second, 1940 was the last year 
in which the Soviets published an absolute figure on total output of iron, steel, 
or rolled metal, and third, 1940 is the year on which most of the announced 
percentage relationships for the postwar period have been based. The year 
1948 is chosen because it is the last year for which our data on furnace ca- 
pacity are complete. 

According to Pavlov's tables, there were 52,591 m? of blast-furnace capacity 
in operation on January 1, 1940. If we assume that the 5,500 m3 of new ca- 
pacity blown in during 1940 was in operation on the average of half the year, 
then the average capacity in 1940 was 55,341 m3. The average nominal blast- 
furnace coefficient was 1.19, which means a daily output of o.840 metric tons 
per cubic meter of capacity, or 46,486.44 tons of production. If we make the 
(incorrect) assumption that the furnaces operated 365 days, then the Soviet 
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Union in 1940 would have produced 16,967,550 tons of pig iron in common 
units of conversion iron. In fact, production was 14,902,000 tons in natural 
units, so that our calculation has overestimated actual output by 14 per cent. 
This overestimate is caused by two factors— the conversion into common 
units of pig iron, and the fact that the blast-furnace coefficient in nominal time 
is calculated without any allowance for cold down time, including major re- 
pairs undertaken between campaigns. Just how this 14 per cent is divided 
between its two components we do not know, but if we assume that converting 
natural into common units increased total output by a little over 6 per cent, 
as Strumilin has shown it did in 1933 (Chernaia metallurgiia o rossii i v 
SSSR, Moscow-Leningrad, 1935, p. 304), then about 8 per cent of the time 
must have been lost by cold shutdowns and capital repairs. 

By adding to the capacity operating on January 1, 1942 (after the invasion) 
the new and reconstructed capacity blown in through 1947, we get a total of 
45,590 m? on January 1, 1948. To this we add the new capacity blown in 
during 1948, multiplied by the fraction of the year it was operating, bringing 
the average operating capacity for 1948 to 46,550 m3. The annual average 
nominal blast-furnace coefficient for 1948 was 1.05, which means an output 
of 0.952 metric tons per cubic meter per day, or a daily output of 44,315.6 
tons. If they had operated 365 days, they would have produced 16,175,000 
tons of pig iron in common units of conversion iron. The difference between 
this figure and the output in natural units (as caleulated in Appendix G) is 
16 per cent, which, as we have explained, is attributable to production lost 
during cold down time and to the conversion from natural units into common 
units of conversion iron. These two factors in 1940 amounted to 14 per cent, 
compared to 16 per cent in 1948. The 2 per cent change in those eight years 
could easily have been caused by an increase in the production of ferroalloys 
in blast furnaces, or by other factors. In fact, the use of percentages in our 
calculations of both output and productivity for 1948, and slight changes in 
the capacity of certain restored furnaces, could account for 2 per cent differ- 
ence between the 1940 and the 1948 calculation. In other words, these three 
series could have been less consistent than they turned out to be, and still give 
no evidence of deliberate falsification of Soviet statistics. 
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the matter the more I have become convinced that such arguments have very 
little to do with the basic decisions about the location of the industry. For a 
brief discussion the interested reader is referred to chapter 14 of my doctoral 
dissertation. 


CHAPTER 14. THE RESULTINC LOCATIONAL PATTERN 


1. Gorelik, Metodika, p. 6. 

2. Shul'kin, pp. 67-98. In 1938 Petrovsk-Zabaikalskii tumed out about 
14,000 tons. 

3. Bardin and Bannyi, p. 26, for example, refers to the increase in the 
eastern share of steel production from 34 per cent in 1940 to 51 per cent in 
the 1950 Plan. It is only in the Zasedaniia, 1946, p. 144, that we discover this 
share refers only to the Commissariat of Iron and Steel. 

4. Plan. Khoz., 1946, no. 3, p. 22; Stal', 1947, no. 11, p. 989. The figure 
of 24 furnaces in the center was obtained by subtraction and is open to 
question. 

5. See Izvestiia, April 18, May 5, 1950; Pravda Ukrainy, June 1, Septem- 
ber 14, 1950; Pravda, March 21, 1951; Trud, April s, 1951. 

6. Stal', 1947, no. 8, p. 677; Pravda, May 18, 1948; Trud, November 
14, 27, December 31, 1948; July 1, December 11, 15, 1951. The productivity 
of Magnitogorsk blast furnaces was very poor in 1945, having dropped sharply 
from 1944 (see Chapter 15). 

7. Pravda, March 21, 1951. 

8. During the early years of the Fifth Five Year Plan it was the 
turn of the west to make some remarkable gains, particularly in 1951 and 
1952. During the first nine months of 1952 the southern mills of the ministry 
averaged a daily output of pig iron that was 35 per cent higher and of steel 
that was 40 per cent higher than before the war. This upsurge may account 
for the fact that in 1951 the east's share of pig iron had fallen to 44 per cent 
and its share of steel and rolled metal to 51 per cent (see Pravda, October 


13, 1952). 
CHAPTER 15. THE PRODUCTIVITY OF IRON AND STEEL FURNACES 


1. The general discussion which follows is based, where not otherwise 
indicated, on Riabin'kii, chapter 3, pp. 77-130, on blast furnace productivity, 
and chapter 4, pp. 131—186, on open-hearths. 

2. Strumilin, p. 304; Krasavtsev, and Ostroukhov, p. 533. 

3. In addition to Riabin'kii, see Krasavtsev and Ostroukhov, p. 491; Leoni- 
dov, "Contemporary Soviet Blast Furnaces,” p. 562; Izvestiia, November 5, 
1946. 
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4. Pavlov, Metallurgiia 1, p. 27. 

s. Cited in Riabin'kii, p. 8o. 

6. Ibid.; Veingarten, Ekonomika i planirovaniia, p. 113. The statements 
of Riabin’kii and Veingarten are confirmed by the experience of Sergei Kop- 
tewski, for many years in charge of the blast-furnace plant at Makeevka. For 
an amazing attempt to speed up capital repairs see Pravda, December 28, 
1 " 

9395 Riabin'kii, p. 99. See also Strumilin, p. 302. 
8. Stal’, 1948, no. 10, p. 8go. This source gives the percentages for all 
the years from 1932 to 1947. 

9. Strumilin, p. 306. 

10. Riabin'kii, p. 160. 

11. Strumilin, pp. 302-308; I. Atyunin, I. Oparin, and K. Ulianov, "Iron 
and Steel on the Threshold of the Second Five Year Plan,” Plan. Khoz., 1932, 
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times. Veingarten, Ekonomika i planirovaniia, pp. 66-68. 

12. See for example, Sov. Met., 1937, no. 3, pp. 66-69; Stal’, 1947, no. 
11, pp. 986-989; Veingarten, Ekonomika i planirovaniia, pp. 351—358, 434. 

13. See Chapter 3 above and Gorelik, Metodika, p. 6; Plan. Khoz., 1939, 
no. 8, p. 65; Granovskii, et al., p. 400; Bardin, "Soviet Iron and Steel in the 
Stalin Five Year Plans," p. vii; Strumilin, p. 308, says that each percentage 
improvement in the national average open-hearth coefficients gives production 
equivalent to over 25 million rubles of investment. 

14. See Appendix B, and Bolshaia sovetskaia. entsiklopediia, vol. 39, p. 
102; Pavlov, Metallurgiia I, p. 35; Plan. Khoz., 1939, no. 8, pp. 67-72. 

15. See Plan. Khoz., 1939, no. 8, pp. 67-73; Sov. Met., 1938, no. 1, pp. 
10-11; Veingarten, Ekonomika i planirovaniia, pp. 77-80; Gorelik, Metodika, 
pp. s8ff. 

16. Stal', 1948, no. 1, p. 73. 

17. For the coefficients see Stal’, 1947, no. 11, p. 969; 1948, no. 9, p. 
772; Izvestiia, January 20, 1949; Turetskii, Vnutripromyshlennoe nakoplenie, 
p. 96, Trud, January 1, 1949. For average daily output see Stal’, 1947, no. 3, 
p. 281; no. 11, p. 984; and no. 9, pp. 784-789, which gives complete draw- 
ings, description, and details of the performance of No. 5 (called Furnace 
^A") in 1944 and 1945. 

18. See for example, Trud, July 30, 1948. On the competition for early 
fulfillment of the FYP see a book on the topic by G. Evstaf'ev, Vsenarodnoe 
soreonovanie za dosrochnoe vypolnenie poslevoennoi piatiletki (Moscow, 
1949). 

19. Pravda, February 11, 1951. 

20. Stal', 1947, no. 8, p. 677; Voprosy Ekonomiki, 1949, no. 1, p. 67; 
USSR Information Bulletin, February 11, 1952, p. 68; Izvestiia, June 6, 1950; 
Pravda, October 24, 1949; March 18, 1951; Trud, May 21, October 25, 1949; 
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21. Trud, April 11, 13, 16, 26, May 16, 30, July 15, 25, 1950; February 
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22. Trud, November 3, 1948; May 14, 1949; March 16, 1950; March 20, 
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23. On this problem see E. Manevich, "New Labor Incentives and Pay in 
Socialism," Voprosy Ekonomiki, 1948, no. 10, pp. 19-34; Nikonov, p. 31; Stal, 
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1947, no. 4, pp. 291-292: 1948, no. 9, pp. 771-774; Iavestiia, July 5, 1950; 
Trud, December 19, 1948; March 22, May 18, 1949; June 1, October 12, De- 
cember 2, 1950. 

24. For a general summary of the development of automatic control, see 
Bardin and Bannyi, pp. 138-150. For details, see Plan. Khoz., 1952, no. 1, 
pp. 1—13; Stal’, 1947, no. 1, p. 6; no. 8, pp. 665-667; no. 9, pp. 791-796; 
1948, no. 6, p. 484; USSR Information Bulletin, February 23, 1951, p. 108; 
February 11, 1952, p. 68; Izvestiia, December 12, 1948; May 14, 1955; Pravda, 
October 4, 1949; Pravda Ukrainy, June 2, 1950; Trud, January 27, March 30, 
1951. 
"in On the use of oxygen in blast furnaces, see Bardin and Bannyi, pp. 
152-158; Bal’zak, et al., p. 253; Krasavtsev and Ostroukhov, pp. 532, 538, 540; 
Veingarten, Ocherkii, p. 147; Izvestiia Akademii Nauk, Otdelenie Tekhni- 
cheskikh Nauk, 1946, no. 10, pp. 1385ff; Stal’, 1947, no. 1, p. 4; no. 4, pp. 
378-379; no. 7, pp. 587-592; no. 10, p. 955; 1948, no. 11, pp. 1042-1045; 
Trud, July 27, 1945; March 5, 1950; Vechernaia Moskva, May 14, 1945; 
Zasedaniia, 1946, p. 148. Also see B. S. Old, et al., "Economics of the Blast 
Furnace," Iron Age, September 18, 1947, pp. 60-69, which analyzes Russian 
and German reports. J. H. Strassburger and W. F. McGarrity, Report on In- 
vestigation of European Steel Plants (With particular reference to the use of 
oxygen), (Weirton, W. Va. 1949); and New York Times, May 20, 1949; 
March 26, 1950. 

26. Bardin and Bannyi, p. 157; Plan. Khoz., 1951, no. 6, p. 23; Stal’, 
1947, no. 9, pp. 807-814; 1948, no. 6, p. 574; Pravda, January 5, 1952; Trud, 
April 9, 1949; USSR Information Bulletin, September 7, 1951, pp. 518-519; 
February 11, 1952, p. 68; and Voprosy Ekonomiki, 1955, no. 4, p. 91. 

27. On Soviet adoption of high pressure, see Bardin and Bannyi, p. 81; 
N. I. Krasavtsev, “Operation of Blast Furnaces Under High Pressure,” Stal’, 
1948, no. 6, pp. 561-563; Krasavtsev and Ostroukhov, pp. 532, 538, 540; 
Stal’, 1947, no. 2, p. 191; no. 3, p. 280; no. 5, p. 477; 1948, no. 9, pp. 775- 
787; no. 10, pp. 946-949; no. 12, p. 1142; Izvestiia, September 8, 1949; 
Pravda, January 31, February 11, March 24, May 11, December 27, 1951; 
January 5, 31, 1952; Trud, March 4, August 10, September 27, October 29, 
1950; January 31, February 16, 21, March 2, April 1, 5, 6, 8, 21, 1951. 

28. See Izvestiia, February 24, 1954; Pravda, April 7, 19 and October 13, 
1954; January 17, 29, February 2, 16 and 17, 1955. See also Steel Facts (Au- 
gust 1954), p. 7, and Christian Science Monitor, January 4, 1955. No. 5 at 
Magnitogorsk is two feet narrower at the hearth and two feet shorter over- 
all than Furnace "J" at Sparrows Point. We do not know the other dimensions 
of the latter, but the upper dimensions of American furnaces are generally 
narrower than their Russian counterparts. For the productivity of Magnito- 
gorsk's furnaces from 1932 to 1951 see my article in the Journal of Economic 
History (1952), no. 4, p. 409. The latest reports appeared in Pravda, May 16 
and July 10, 1955, and a picture appeared July 1, 1955. 

29. Voprosy Ekonomiki, 1952, no. 2, p. 31. Or, as a writer for the journal 
of the Gosplan explained: "Improvement in the norms for the use of produc- 
tive capacity, raw material, and fuel are very important levers for the suc- 
cessful fulfillment and overfulfillment of the Five Year Plan. Thus the works 
of the Ministry of Iron and Steel at the end of 1950 improved the blast-furnace 
coefficient compared to 1940 by 25 per cent and the open-hearth coefficient 
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occurred, there would have been required a corresponding increase in the 
capacity of iron and steel plants and increase in capital investment in metal- 
lurgy.” See Plan. Khoz., 1951, no. 3, p. 32. 


CHAPTER 16. SUMMARY AND CONCLUSIONS 


1. Soviet definitions of labor productivity in the iron and steel industry 
are so vague that they mean very little to foreign observers. All we can safely 
say is that productivity of the Soviet steelworker is much lower than that of 
his American counterpart, but that Soviet output per man is increasing sub- 
stantially with improvements in technology and organization. See Walter 
Galenson, Labor Productivity in Soviet and American Industry (New York, 
1955); pP. 108-137. 

2. L. Roitburd, "Ways of Raising Labor Productivity in the Iron and 
Stee] Industry of the USSR,” Voprosy Ekonomiki, 1954, no. 11, p. 40. 

3. Ibid. 

4. See my article on iron and steel in Industrial Russia, the New Com- 
petitor, Studies in Business Economics, Number 44 (New York: National In- 
dustrial Conference Board, 1954), pp. 34-35. 

5. See, for example, W. W. Eason and Frank Lorimer in Soviet Economic 
Growth, ed. by Abram Bergson, pp. 100-125. 

6. An excellent article by Walter Galenson on industrial training in the 
Soviet Union will be published in a forthcoming issue of the Industrial and 
Labor Relations Review. 

7. From the Russian point of view the most attractive feature is the 
capital-saving nature of the increase in productivity. We have shown that the 
unexpectedly high increase in productivity achieved during the Fourth Five 
Year Plan alone (1946-1950) permitted the saving of capital investment in 
blast furnaces equivalent to the capacity of the entire industry in 1913 or 
1929. In my opinion, however, such spectacular capital savings are a thing of 
the past. Productivity will continue to improve, but the Russians have already 
pushed their existing equipment to the point where further improvements will 
require more substantial investments than they have required heretofore. 

8. The Russians are well aware that the expansion of ingot steel produc- 
tion by the simple addition of scrap metal to the open-hearth charge requires 
relatively little capital investment. Unfortunately for them their lack of scrap 
metal forces them to invest in blast-furnace plants and transportation facili- 
ties, as well as in iron and coal mines in order to expand steel production. 
Furthermore, all of these investments must be greater as the quality of the 
coke and ore gets lower. 


APPENDIX A. ORGANIZATION OF THE IRON AND STEEL INDUSTRY 


i 1. Arakelian, p. 79. The following description is in a large part based on 
ibid., ch. 4. 

2. Seo, for example, Gregory Bienstock, Solomon Schwarz, and Aaron 
Yugow, Management in Russian Industry and Agriculture (New York, 1944); 
Arakelian; Harry Schwartz, Russia's Soviet Economy (New York, 1950); Da- 
vid Granick, "Management of Soviet Heavy Industry, Ph.D. dissertation 
(Columbia Univ., 1951); and Merle Fainsod, ^Recent Developments in Soviet 
Public Administration," Journal of Politics (November 1949). pp. 687ff. 
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3. The Ministry of Iron and Steel has undergone a number of organizational 
changes in recent years. On August 2, 1948, the formerly separate Ministry 
of Iron and Steel and Ministry of Nonferrous Metallurgy were combined, but 
were again separated on December 28, 1950. At the time of Stalin's death 
these two ministries were again consolidated, but in February 1954 were once 
again separated. See Pravda, January 6, 1951; March 6, 1953; February 10, 
1954; Trud, December 30, 1949; December 29, 1950; March 13, 1951. 

4. For a list of the main plants in this glavk and their directors, sce Trud, 
December 31, 1948. 

5. A more complete discussion of the plants producing special steel, pipe, 
and ferroalloys is given in Appendix C. 

6. Arakelian, p. 122. The following classification is from Riabin'kii, p. 32. 

7. Pravda (October 4, 1940). Cited by Granick, p. 26. The following 
discussion is based on Arakelian, pp. 122-129. 

8. Riabin'kii, pp. 29-31. 

9. For detailed description of planning in the 1930's see the books by 
Veingarten listed in the bibliography and I. G. Gorelik, Metodika. 

10. Riabin'kii, p. 37. 

ii. Most of the articles in the Soviet technical journals indicate where 
and by whom research is being carried on. For a good appraisal in English, 
see “Organization of Iron and Steel Research in Russia,” Metal Progress 
(June 1950), pp. 772ff. 

12. Stal’, 1947, no. 2, pp. 120ff, and 1948, no. 6, p. 484. 

13. Nosov, "The Development of Metallurgy and Science,” Izvestiia, July 
13, 1950. Nosov's promising career was cut short by his untimely death in the 
fall of 1951 at the age of 45. 

14. "Organization of Iron and Steel Research in Russia," Metal Progress 
(June 1950), p. 773. Perusal of five extended abstracts beginning on page 798 
of this article will give the interested reader an indication of the type and 
quality of the research being reported in Soviet technical journals. 


APPENDIX C. THE DEVELOPMENT OF SPECIAL BRANCHES 
OF THE SOVIET IRON AND STEEL INDUSTRY 


1. Where not otherwise indicated, this section is based on N. F. Ermo- 
laev, "Development of the Pipe Industry in the USSR," Stal', 1947, no. 11, 
pp. 1008-1011; Veingarten, Ekonomika i planirovaniia, pp. 232{f. See also 
the discussion of pipe-rolling mills in Chapter 5. 

2. These figures have been read from a graph presented by Ermolaev, 
p. 1009. 

3. See Klimenko, p. 44; Izvestiia, April 1, 1945; Osadchii, pp. 77—79; 
Pravda, December 3, 1944. For regional output of steel pipe in 1940 and 
plans to reduce the share of the west somewhat by 1950, see Bardin and 
Bannyi, p. 123. 

4. Edneral, pp. 13, 170, 463, 502-503. 

5. For general development of ferroalloys see Veingarten, Ekonomika i 
planirovaniia, pp. 125, 148; Krasnykh, pp. 998-1001. For details of technical 
processes and equipment employed in the USSR, the best source is Edneral, 
especially pp. 443-546. 

6. Klimenko, p. 11; Edneral, p. 13; Gosplan SSSR, Summary of the Ful- 
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fillment of the First Five Year Plan for the Development of the National 
Economy of the USSR (Eng. ed., New York, 1934), p. 125. 

7. G. Gvelesiani, et al., Sovetskaia gruziia (Moscow, 1948), p. 58. 

8. A. P. Popov and S. L. Sapiro, "Chusovoi Iron and Steel Works on the 
Thirtieth Anniversary of the Great October Revolution," Stal', 1947, no. 12, 
pp. 1130-1133. Also A. M. Zereninov, Metallurgicheskie aggregati SSSR po 
sostoianiiu na 1 ianvaria 1936 (Moscow, 1936), p. 31. 

9. For wartime developments see Klimenko, pp. 46, 47; Bardin and 
Bannyi, p. 13; Krasnykh, p. 1000; Korobov, p. 35; Stal’, 1947, no. 3, p. 228; 
no. 10, pp. 867-868; no. 11, pp. 969, 1045-1050; Pravda, April 1 and Septem- 
ber 12, 1945; Trud, June 4, 27 and September 20, 1945; Izvestiia, January 3, 
1945. 

È 10. 1941 Plan, p. 17; L. D. Iupko, “The Smelting of Ferromanganese in a 
Special Blast Furnace,” Stal’, 1948, no. 11, pp. 974-978. 

11. Ministerstvo ugol'noi promyshlennosti SSSR, Nomenklaturnyi spravo- 
chnik i tseny na materialy i oborudovanie, primeniamye v ugol'noi promyshlen- 
nosti, p. 8. 

12. Where not otherwise indicated, the following description of the growth 
of quality steel production is based on Myrtsymov and on Edneral, pp. 11-13. 

13. After the Second World War its facilities were first reconverted to 
peacetime production of railroad tank cars (see Pravda, September 21, 1945). 

14. Veingarten, Ekonomika i planirovaniia, p. 241. 

15. For a detailed story of the development of this works from 1883 to 
1947, see G. M. I'in, “The Hammer and Sickle Works,” Stal’, 1947, no. 11, 
pp. 1051-1054. See also USSR Information Bulletin, February 7, 1951, pp. 

18-519. 
i 16. Unless otherwise indicated, the discussion of electric steel is based on 
Edneral, pp. 15-19 et passim; and L. M. Girshman, “Steel Smelting Produc- 
tion in the USSR up to the Thirtieth Anniversary of the October Revolution,” 
Stal', 1947, no. 11, pp. 986-993. 

17. For a complete list see A. M. Zereninov, pp. 17-31. 

18. Edneral, p. 18. See also Bardin and Bannyi, pp. 23-25. 

19. See also Stal’, 1948, no. 6, p. 511; Trud, July 6, 1945. Stal', 1947, 
no. 3, p. 206, reports the existence of 20-ton electric furnaces at Zlatoust in 
addition to the 11-12 ton furnaces existing in 1935. 
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149, 155, 160, 162, 166, 168, 175, 178, 
187-189, 250, 275, 277, 357-359 

Bergson, Abram, 345 

Beria, L. P., 300 

Berlin, 82 

Bessemer, converter, 44, 157, 174, 240, 
287, 293-295, 297, 300; furnaces, 15, 
283; iron, 137; pig iron, 174, 355; 
steel, 129, 167—168, 174, 294 

Bessonov, V., 355 

Bethlehem Steel Corporation, 4; world's 
record, 265 

Bezhitsa steel works, 302, 304 

Bienstock, Gregory, 369 

Bilimbaevsk pipe plant, 304 

Bilimbai, 303; steel works, 102 

Billets, 75, 79, 284, 292-294, 296-300, 
309-310, 318, 350 

Black Sea, 78, 142, 189, 239, 281 

Blagodat’, iron ore, 167-169, 295, 297; 
limestone quarry, 102 

Blast furnaces, American, average out- 
put, 62; capacity, 348; designs, 65, 
347; dimensions, 368; equipment, 252; 
productivity, 62; technique, 64; types, 
68 

Blast furnaces, English, use of carbon 
blocks, 112 

Blast furnaces, German, 61; average out- 
put, 64; capacity, 65, 347; equipment, 
253; less capital investment required, 
69; use of carbon blocks, 112; use of 
oxygen, 69 
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Blast furnaces, Sovict, 1-2, 12-13, 27, 
74, 99, 108, 114, 151, 223, 236, 239, 
292-299, 305, 350, 352, 371; Amer- 
ican types as models, 68, 95; auto- 
matic control, 2Go-262, 271, 368; 
average output, 64; capacity, 48-49, 
54-55, 63, 65, 68-69, 109, 182, 188, 
238n, 255, 266, 291, 321-324, 327- 
328, 368; charcoal, 63, 67, 116-117, 
159, 166, 169, 207-208, 214, 223, 
293, 299; charge, 100-101, 120, 144- 
148, 154, 162, 169, 172-173. 179- 
181, 190, 276; coefficient of the util- 
ization of useful capacity, 249, 251, 
254-256, 260, 265, 327-328, 355, 368; 
coke, 33, 49, 159, 166, 169, 207, 220, 
225, 248, 261, 265, 298, 306, 353; 
construction of new, 54, 127, 191, 
232, 255; construction lagging as com- 
pared with United States, 50, 55; de- 
cline in construction, 48; designs or 
types, 68, 81, 347; destroyed hy 
Germans, 50-52, 67; distribution, 63; 
downtime, 248; dust, 149-150; econ- 
omies of, 368; efficiency, 119; equip- 
ment, 54, 212, 253; ferroalloy produc- 
tion, 307-308; fuel, 36, 262; integra- 
tion, 82; largest in world, 232; loading 
systems, 261; mix, 144, 149, 169-170, 
180, 189, 197, 249-251, 274, 359; 
operation, 127, 134-135, 160, 171, 
181-182, 208, 251, 273, 283; opti- 
mum temperature, 251; oxygen in 
blast, 262-263, 368; performance, 126, 
144, 216, 249, 367; plant, 150, 284- 
285, 369; prefabrication of parts, 50; 
pressure blowing, 263-265, 368; pro- 
ductivity, 115-116, 136, 242, 246- 
266, 271, 326-327, 366-369; recon- 
struction, 48-56, 67-68, 308; recon- 
struction, 1924-1948, 321-324; re- 
fractories, 110; repairs, 72, 180, 248- 
249, 287, 309, 328; scale of, 61—73, 
95, 347-348; scrap consumption, 146, 
196-198; size, 211; temperature of 
blast, 261; use of peat, 118; zinc 
problem, 359 

Bloomery iron, 186 

Blooming mills, 48, 74-77, 80, 109, 163, 
209, 292-301, 349-350; capacity, 
76 

Bog ore, 176-177, 185-186 

Bogoiavlenskii, V. V., 355-356 

Bogoslovsk mines, 166-167 

Boguraevsk, limestone quarries, 101 

Bohemia, 79 

Boilers, 32, 287 
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Bol'shaia sovetskaia entsiklopedila, 104n, 
153n, 238n, 254n, 349, 356, 365, 367 

Bol'shevik, 238n, 323n 

Bondarenki, P. L, 347 

Borchaninov, S. V., 360 

Borovoe, 226 

Botoma River, 186 

Bourgeois, cosmopolitanism, 21; eco- 
nomic logic, 62; economic principles, 
163, 210, 243; nationalists, 92-93 

Brassert firm, 70 

Brazil, 103 

Bredy, 176 

Bridges, 21, 196 

British Iron and Steel Board, 262 

British Trade Delegation Review, 356 

Builders hardware, 282, 292-293, 296, 
298 ` 

Bukachacha coal deposits, 139-140 

Bukharinites, 93, 157, 206 

Bulganin, N. A., Premier, 254n, 268 

Bulletin of the American-Russian Cham- 
ber of Commerce, 322n 

Bulletins on Soviet Economic Develop- 
ment, 344 

Bureia River coal, 140 

Bureinsk basin, coal reserves, 128, 295 

Business, cycle, 71; firms, 63 

Buzyrev, V. M., 325n 


Cable mills, 292, 295 

Calcite, 160, 173, 185 

Calcium oxide, 102, 154, 167, 180 

Camp, J. M., 360 

Canals, 287 

Capital, abundant in U.S., 61; accounts, 
220; costs, 81, 349; cquipment, 40, 
192, 199, 260, 272; fixed, 43, 284; in- 
vestment, 41, 43-45, 50, 72, 86, 92, 
163, 165, 169, 186, 199-200, 226, 263, 
265-266, 271, 277, 288, 290, 369; 
lacking in Germany, 61; working, 284 

Capitalism, 93; concentration of produc- 
tion under, 62; restorers of, 92 

Capitalist, countries, 111, 148, 217, 235, 
258, 312, 344; economy, 194; incen- 
tives, 260; practice, 203, proprietors, 
214; world, 102, 272 

Capitalists, 174; Russian, 214 

Carbon, 116, 119-120, 123, 
blocks, 111-112; dioxide, 
monoxide, 152 

Carbonates, 185 

Carnegie-Illinois Steel Corporation, 68, 
78 

Cartwright, Frank, 262 

Caspian Sea, 77 


305-306; 
151, 164; 
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Castings, 86, 190, 197-199, 250, 252, 
283-284, 287, 296-299 

Caucasus Mountains, 105, 184, 209, 235, 
352 

Cement, 102, 284-285, 287 

Central Administration for Social and 
Economic Statistics (TsUNKhU), 343 

Central Asia, 86-88, 9o, 227, 235; coal 
supplies, 141—142, 274; industrializa- 
tion, 141, 186; steel products, 205; 
steel works, 53, 102, 141, 200, 207, 
292 

Central Asian Coal Trust, 141 

Central Region, iron ore, 159, 184-187, 
250, 360 

Central Scientific Research Institute for 
Iron and Steel, 199, 263 

Central Statistical Administration, 
254, 324n 

Chamber of Commerce, California, 184 

Channels, 11, 89-90, 293-295, 297-300, 
309 

Charcoal, 34, 36, 38, 64, 67, 69, 116- 
117, 285, 293, 295, 297-300; con- 
sumption, 250; iron works, 37, 116- 
117, 129, 164, 167, 179, 223-224, 
233, 242, 281, 354, 364; metallurgy, 
139 

Cheliabinsk, go, 222, 227; Province, 264 

Cheliabinsk Farm Machinery Works, 211 

Cheliabinsk iron and steel plant, 19, 
53, 170—171, 211, 233, 242, 282, 292, 
306, 308, 311-313; blast furnaces, 67, 
220, 322-323; coke works, 129, 133 

Cheliabinsk Oblast, 89, 323; iron ore 
reserves, 156, 173 

Cheliabinsk-Orsk railroad, 227 

Cheliabinsk Pipe Works, 292, 303-305; 
production goal, 77 

Chemical industry, 15, 22 

Chemical reactions, 250 

Cheremkhovo coal basin, 139-140, 187 

Cheremnykh, G. L, 365 

Chernaia metallurgiia » novoi piatiletke, 
191n, 193n, 238n, 241n, 314n, 323n, 
347 

Chernaia metallurgiia v rossii i v SSSR, 
teknicheskii progress za 300 let, 44n, 
254n, 326, 328, 344 

Chernaia  metallurgiia, zhelezorudnaia, 
margantsevaia, i koksovaia promyshle- 
most SSSR, 44n, 49n, 153n, 358 

Chernomordik, 220, 362 

Chiatura manganese ore, 34, 103-106, 
108—109, 282, 300, 307, 309 

Chief Administration for Industrial Con- 
struction, 44n, 242, 258 


199, 
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Chicf Administration for Iron and Steel 
Industry of the South and Center, 281 

Chief Administration for Iron and Steel 
Industry of the Urals, 281 

Chief Administration for Pipe-Rolling 
and Pipe Casting, 302 

Chief Administration for the Manufac- 
ture of Iron and Steel Mill Equipment, 
282 

Chief Inspection Office, 280-281 

Chile, 118 

Chimkent, 185 

Chita Oblast, iron ore reserves, 156 

Chizhevskii, N. P., 121n, 353-356, 364 

Chlorite, 160-161, 171, 173-174 

Christian Science Monitor, 360, 368 

Chrome, 112, 172, 306; oxide, 308 

Chrome-molybdenum, 311 

Chrome-nickel, 297 

Chrome-silicon, 294, 310 

Chromium, 12-15 

Chulymo-Eniseisk basin, coal reserves, 
128 

Chusovia-Solikamst railroad, 135 

Chusovoi, 282 

Chusovoi steel plant, 64, 102, 165, 170— 
171, 233, 298, 306-308, 311, 371; 
blast furnaces, 67, 293, 321-322; clec- 
tric furnaces, 308; profit, 41 

Cinder blocks, 285 

Civil War (Russian), 9, 190, 214 

Clairton rolling mills, 94 

Clay, 112, 167, 186; porcelain, 173 

Climate, arctic, 137, 274; conditions, 
134; variations in, 100 

Coal, 3s, 62, 110-111, 200-202, 217, 
222, 226, 272; coking, 69, 113-144; 
composition of mix, 125; consumption, 
126; consumption pcr ton of iron, 
113-114, 118, 353; eastern, 216; 
fields, 144; gas, 124; mines, 114, 124, 
208; production, 354; reserves, 118— 
119, 126, 273; southern, 120; substi- 
tutes, 116-119, 143; supplies, 208, 274 

Coal, bituminous, 116-117, 133, 139; 
clinkering-steam, 121, 125-120, 134; 
fatty-steam, 120-121, 125-126, 131, 
134; gassy, 121, 125-127, 130—132, 
141; lean, 121-122, 125-126; long- 
flame, 121-122, 139; types, 120 

Coal industry, 22, 32, 193-194 

Coke, 62-63, 348; administration, 282; 
American specifications, 119; ash con- 
tent, 124, 273; by-product, 82, 109, 
114; chemical properties, 123; chem- 
ical works, 353; chemistry, 126, 353- 
354; consumption, 69, 119-120, 127, 
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144, 250, 263, 265, 273; consumption 
per ton of pig iron, 113, 119, 152, 
263; difficulties of supply, 10; friabil- 
iy of Russian, 120-121, 127, 129, 
132, 273; furnaces, 64, 124; fusibility, 
135-136; gas, 118; manufacture, 1, 
114, 110; metallurgical, 120, 122, 
135, 224, 273-274; peat, 116-118; 
permeability, 250; physical properties, 
120; plants, 82, 114, 285, 354; pro- 
duction, 124, 284, 288, 354; quality, 
119-122, 129, 208, 273, 355, 369; 
subsidies, 34, 36; sulphur content, 
119, 122-123, 129; waste, 118; works, 
125-126, 242 

Coke-Chemical Industry, 287, 354-355 

Coke Industry, 193. See also Coke; Cok- 
ing coal 

Coking coal, beneficiation of, 115-116, 
123, 353; better grades of, 126; deple- 
tion of resources, 262, 273, 278, 277; 
deposits, 67, 120, 150, 276; effect on 
location and development of steel in- 
dustry, 113-143; lower grades of, 131; 
mixes, 122, 126-127, 274, 353; qual- 
ity, 208-209; supplies, 83, 122, 183, 
273-274, 356 

Coking process, American specifications 
for, 120 

Cold War, 21, 270 

Collective farms, 193 

Collegium of Iron and Steel, 280-281 

Combines, 280, 284 

Commissariat of Armament, 193, 360 

Commissariat of Aviation, 360 

Commissariat of Heavy Industry, 92, 
320, 344 

Commissariat of Iron and Steel, 38, 193, 
217, 237, 284, 351, 366 

Commissariat of Munitions, 193, 360 

Commissariat of the Tank Industry, 27 

Commissariats, 318, 320, 361 

Communist Party of the Soviet Union, 
73, 92, 264, 279, 312; Conference 
and Congress, 1930, 215; Sixteenth 
Congress, 1930, 28, 210; Joint Plenum, 
1933, 26; Eighteenth Congress, 1939, 


17, 28, 109, 230, 343-344; Nine- 
teenth Congress, 1952, 265, 348; 
propaganda, 259 
Communications industry, 16 
Competition, between labor and ma- 


chines, 93 

Compressors, 211, 287 

Conference of Blast-Furnace Operators, 
1946, 249 

Connelsville, Pa., anthracite, 123 
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Conservatism, 73 

Construction industry, 16, 22, 270; iron 
and steel consumption, 315-316 

Consumer, goods, 9, 31, 56, 268, 282; 
demand, 82; industry, 268-269 

Consumers, 31, 195; iron and steel, 62- 
63, 83, 202-204; metal, 92 

Continuous mill, 74, 79-81, 93; sheet- 
rolling, 79, 300 

Controlled Materials Plan, 289 

Conversion iron, 13, 90, 145, 249, 251, 
265, 284, 292, 308, 328 

Conversion pig iron, cost and price in- 
dex, 32; free of sulphur, 120; price 
of, 34, 38 

Conversion works, 284, 299 

Cooperative industry, 15-16, 193 

Copper, 166, 168; pyrites, 164, 185 

Cost-price, structure of iron and steel 
products, 31—33, 38, 43, 344-345, 352 

Costs, accounting, 284, 286; calcula- 
tions, 288; charcoal, 117; charcoal 
iron, 364; coal, 34; coke, 34, 117; 
construction, 43, 45, 288, 346; con- 
struction of blast furnaces, 65-66; 
control, 33; differentials in transporta- 
tion, 213-228; fuel, 36; housing, 45; 
industrialization, 41; ingot steel, 96, 
194; iron and steel, 33; iron and steel 
industry, 100, 193; labor, 99-100, 159, 
213, 287, 352; manufacturing, 89; 
mining, 36, 148, 273; open-hearth 
steel, 195; opportunity, 39; overhead, 
84; pig iron, 35-36, 66, 144, 220, 
275, 361; planned, 32-34, 40; pro- 
duction, 33, 35, 40, 62, 76, 80-81, 
85, 158, 163, 193, 201, 210, 285, 345; 
raw materials, 34; savings, 349; scrap, 
361; sheet roofing, 80; steel produc- 
tion, 36, 220; transport versus produc- 
tion, 216-221; transportation, 62, 76, 
82-83, 85, 109, 137, 150, 191, 201, 
204, 210, 213-215, 228 

Costs of Construction of New Metallur- 
gical Plants in the USSR (Koptewski), 
346 

Council of Ministers, 279-281, 284, 288; 
Red Banner, 260 

Council of People's Commissars, 23, 92, 
219, 256, 279 

Cowper's stoves, 261 

Cressey, G. B., 349 

Crimea, 53, 100, 122, 155, 235, 275 

Crimean ASSR, iron ore, 101, 189, 250; 
iron ore reserves, 156 

Crucible process, 312 

Cupola furnaces, 296 
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Current Digest of the Soviet Press, 104n, 


357, 363 
Cutting tools, 22 


Dalverzin, 185 

Dashka River, 186 

Dashkesan region, 153n; iron ore, 83, 
158-159, 361 

Dau-Kul' iron ore, 177 

Davis, E. W., 359 

Defense, commissariat, 25; plants, 320 

de Hennin, tsarist minister, 31 

Delov, V. N., 346 

Demidov stcel works, 168, 197, 303 

Departments, 280 

Depreciation, 41 

Development of the Russian Iron and 
Steel Industry (Holloway), 343 

Diesel industry, 16 

Dimanshtein, Ia., 214-217, 364 

Dnepr Group, 293, 295, 297, 300 

Dnepr River, 105, 306-307, 312; regions, 
122; steel mills, 100 

Dneprodzerzhinsk steel plant, 49n, 52, 
285, 321-324; blast and open-hearth 
furnace productivity, 256 

Dnepropetrovsk, g1, 289; Oblast, 87-88, 


307 
Dnepropetrovsk Komintern plant, 293 
Dnepropetrovsk Metallurgical Equip- 


ment Plant (DZMO), 52, 293 

Dnepropetrovsk Metallurgical Institute, 
160 

Dnepropetrovsk steel plant, 40, 52, 89, 
98, 260, 285, 293-294, 304, 323; 
pipe mills, 77, 302-304; rail produc- 
tion, 78 

Dneprospetsstal’ steel works, 300, 311 

Dneprostal’ steel works, 195 

Dobb, Maurice, 344 

Dolomite, 102, 111—112, 185, 285 

Donbass, see Donets Basin 

Donets Basin (or Donbass), 45, 91, 108, 
300; iron ore, 300; stecl mills, 122 

Donets Basin (or Donbass) coal, 101, 
103, 114-116, 119, 122-127, 138, 210, 
212, 216, 219, 233, 250, 294-295, 
300, 353; ash content, 124; character- 
istics, 120-121; coke, 124, 127, 293- 
294; coke production statistics, 125; 
coking coal, 121-122, 127, 129-130, 
160, 295-296, 298, 354—355; reserves, 
122, 125-126, 128, 137, 354; sulphur 
content, 122-123, 139, 273, 312 

Donets-Lur'ev, 300 

Dredges, 212 

Duquesne, rolling mills, 94 
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Durham (England) coal, 123; coke, 273 

Dzerzhinsk steel works, 52, 65, 250, 257, 
324n, 349; blooming mills, 75-76; 
fluctuation in productivity, 257; lime- 
stone consumplion, 101; production 
costs, 35; rail mills, 78; reconstruction, 
53, 68 

Deerzhinskii, Feliks ©., 293, 321n 

Dzetigansk region, iron ore, 176 

Dzhetygara iron ore, 176 

Dzhezdinsk, manganese mines, 107 

Dzhezkazgan, 183 


Eason, W. W., 369 

Eastern Siberia, coal, 139-140; ash con- 
tent, 139-140; coking coal, 140; low- 
grade coking coal, 139; sulphur con- 
lent, 139-140 

Eastern Siberia, iron ore, 184-187; iron 
production, 153 

Economic Geography of the USSR ( Bal- 
zak), 350 

Economie, activity, 285; administration, 
289; development, 228; journal, 206; 
necessity, 220; policy, 220; power, 28; 
problems, 279; theory, 71 

Economic Results of the USSR in 1940, 
The (Voznesenskii), 20n, 351-352 

Economics of socialst industry, 62 

Economics of Soviet Railroad Policy, 
The (Hunter), 221n, 365 

Economies, cost, 80; heat, 114; large- 
scale, 76, 82; operational, 114; pro- 
duction, 41, 81, 87, 212, 221, 228 

Economist, The, 3, 262 

Economists, 246; bourgeois, 62; Soviet, 
see under Soviet 

Edgar Thompson Plant, 348 

Edneral, F. P., 14n, 20n, 305n, 314n, 
343, 352, 357-358, 361, 370-371 

Efanov, N. L, 348 

Ekaterinoslav, 302 

Ekibastuz, 134, 227, 365 

Ekonomicheskaia geografia SSSR, 356, 
365 

Ekonomicheskaia 
soiuza, 26n 

Ekonomika i planirovaniia chernoi me- 
tallurgii SSR, 20n, 44n, 49n, 63n, 66n, 
101n, 103n, 128n, 196n, 254n, 256n, 
314n, 321n, 344-353. 355-358, 360- 
364, 367, 370-371 

Ekonomika sotsialisticheskoi promyshlen- 
nosti, 62, 347 

Ekonomika transporta, 104n, 203, 351 

Electric, energy, 14, 116, 118, 288; 
power equipment, 212 


pobeda — sovesiskogo 
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Electric furnaces, 12-13, 17-18, 99, 281, 
283, 287, 292, 294, 296, 298-301, 
305-306, 308-314, 371; plants and 
capacity, 313; production, 312, 314; 
scrap charge, 197, 312; Siemens, 307 

Electrical machinery industry, 16, 23, 
194, 211, 234, 270, 296, 316, 319 

Electricity-goncrating stations, 282, 287, 
308, 351, 353 

Electric Power Development in the 
USSR (Weitz), 351 

Electrostal' works, 295, 311-313; rolling 
mills, 74-75, 294 

Elektrometallurgiia, 
314n, 343 

Elenovsk, limestone pits, 100-102; sup- 
plies in tons, 102 

Elets limestone deposits, 102 

Enakievo steel plant, 51, 64, 285, 294, 
321-323, 324n, 349; reconstruction, 
53-54 

Energeticheskie resursy SSSR, 121n, 355 

Engines, 211 

England, 79; coal beneficiation, 115; 
coal, 123-124; scrap fund, 192, 272; 
scrap supply, 193 

Enisei River, 140, 186 

Eno-Kovdorsk, or Ensk, iron ore, 161— 
163 

Enterprises, 280-282, 284-288, 301, 345, 
358 

Entrepreneur, Schumpeterian, 264; tsar- 
ist, 76, 174 

Equipment, mining, 211; railroad, 316; 
roadbuilding, 211 

Equipment, steel mill, 11, 26-28, 43, 63, 
211, 258, 289, 368, 370; production, 
47-49, 70; production statistics, 26; 
repairs, 51; research, 290; size, 81; 
specialization, 63; value of, 50 

Ermolaev, N. F., 370 

Ernst, Louis, 354 

Eurasia, 290 

Europe, 95; eastern, 28, 152, 248; nor- 
thern, 205; southern, 248; western, 
117 

European standards, 275 

Eventov, L. Ia., 231n 

Evstaf'ev, G., 324n, 367 

Exploatatsiia — koksokhimicheskoga za- 
voda, 121n 

Export of machinery, American restric- 
tions on, 27, 47 


14n, 20n, 305n, 


Fainsod, Merle, 369 
Fan-lagnovsk coal, 142 
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Far East, 53, 66, 86-88, 9o, 183, 188, 
205, 207, 230, 235; coal supplies, 140- 
141, 274; iron ore, 148, 187-189; steel 
works, 208, 281, 295; structural steel, 
234; tonnage allocated, 366 

Far Eastern Krai, iron ore reserves, 156 

Farkhad limestone deposits, 102 

Farm machinery industry, 16, 22-23, 
212, 234, 270, 316 

Fedorovich, I. L, 359, 364 

Feigin, Ia. G., 215 

Feldspar, 168 

Fergana Valley, 141-142 

Ferric oxide, 151, 155 ^4 

Ferroalloy industry, 233, 306-309, 343 

Ferroalloys, 11, 87, 91, 99, 109, 171, 
206, 292, 297-298, 302, 306-309, 
326, 370; alloying elements, 12; chem- 
ical specifications, 12, 305; consump- 
tion, 317; fall of imports of, 12-14; 
production, 205, 233, 282, 328; pro- 
duction and import statistics, 14; rise 
in total output, 12; works, 232, 285, 
292, 295-296, 299-300, 306-307, 370 

Ferrochrome, 292, 300, 305-308 

Ferroferric oxide, 151 

Ferromanganese, 12, 105-106, 109, 251, 
292, 295, 300, 305-309, 371; alloys, 
104; production, 1, 13, 87 

Ferromolybdenum, 12, 305-307 

Ferrosilicon, 12, 251, 262, 292, 298, 
299-300, 305-308; production statis- 
tics, 13, 87 

Ferrotitanium, 305, 307 

Ferrotungsten, 305 

Ferrovanadium, 293, 305, 307 

Fifth Five Year Plan (1951-1955), 1955 
Plan, 125, 263, 268, 325, 354; coal 
beneficiation, 116; coking coal produc- 
tion, 133; investment for construction, 
57; metallurgical equipment, 26n; 
oxygen blast, 263; pig iron output, 
366; sinter plants, 149; stecl produc- 
tion, 192, 326, 366 

Finishing mills, 75-76, 80, 293, 300; 
productivity, 76 

Firebrick, 34, 99, 110-111, 118, 282, 
285-286; chrome-magnetite, 112; clay, 
112 

Fireclay, 111 

First Five Year Plan (1928-1932), 195, 
205, 236, 361, 371; blast-furmace ca- 
pacity, 48, 63, 65; construction pro- 
gram, 71, 108; distribution of iron 
ore reserves, 156; electric furnaces, 
313; firebrick manufacture, 110; giant 
plants, 91; large-scale facilities, 76; 
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metallurgical equipment, 26; pipe 
works, 303; price of conversion pig 
iron, 33; productivity, 246, 253; qual- 
ity steel, 17, 20, 311-312; rolling 
mills, 74-75; subsidies, 31-32; Urals 
machinery, 211 

Fish plates, 8g 

Five Year Plans, 15, 17, 281, 288-289, 
318, 343-344, 347-348, 357, 367; an- 
nual plans, 287; exploitation of iron 
ore, 154; inauguration of, 31, 64; 
overfulfillment of, 368; pious hopes 
in, 138. See also First Five Year Plan, 
etc. 

Fizicheskaia geografia SSR, 356 

Flotation apparatus, 115 

Flue, 110; dust, 106, 152, 263, 265 

Fluorspar, 282 

Flux, 100-103, 352; consumption, 119, 
144, 186, 216; quality, 152, 250 

Fomenko, N. M., 256n, 321n 

Food processing industry, 15 

Forge-press shops, 199 

Forgings, 199, 283-284, 292, 294, 318 

Fortune, 354 

Foundry iron, 13, 35, 117-118, 159, 251, 
276, 284, 287, 291, 294-296, 298- 
300; charcoal 297; production sta- 
tistics, 86 

Fourth Five Year Plan (1946-1950), 
11, 27; 1947 Plan, 254; 1950 Plan, 
174, 224—225, 241, 266, 276, 283, 
287; agglomeration, 149; automatic 
loading systems, 261; beams, 9o; bene- 
ficiation, 115, 142, 149, 275; blast 
furnace capacity, 347; blooming mills, 
76: coking coal, 131; concentration 
plants, 104, 168; continuous mills, 81; 
exploitation of Tashtagol ore, 181; 
ferroalloy output, 13, 308; increase in 
iron production, 226, 323n; integration 
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gen blast, 262—263; pig iron produc- 
tion, 52, 147, 158; pipe mills, 78, 305; 
planned costs, 40; pressure blowing, 
264; production goals, 155, 224-225, 
241—242, 256-258, 287; quality prod- 
ucts, 326; rail mills, 78; reconstruc- 
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208-210, 212, 234, 313; reduction of 
sulphur content, 119; rolled metal 
production, 22; saving of capital in- 
vestment, 266, 369; stecl mill equip- 
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sian, 61 
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Gubkin mine, 161 
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Iron Age, 368 
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tribution of production and consump- 
tion, 205-206, 317; finished, 202; rise 
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Iuzhno-Trubnyi Pipe Plant, 297, 304 
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226; steel works, 177 
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Kemerovo coal, 123, 129, 292, 297-298; 
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66; blast furnace capacity, 66 
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Khataevich, 293 

Khotchevatski manganese deposits, 106 
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Koptewski, Sergei, 47, 346, 367 
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iron content, 275; mines, 152, 275; 
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154, 275; quartzite, 154; reserves, 155, 
275 

Krivoi Rog stcel works, 65, 122, 154, 
195, 215, 295, 322, 324; expansion, 
44n; rail mill, 89; rolled products, 92 

Krzhizhanovskii, G. M., 121n, 355-356 
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Kuibyshev, 86, 88, go; hydroelectric 
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Kulebaki steel works, 117 
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Kurashasaiskii chrome ore, 292 
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160-161 

Kursk Oblast, iron ore reserves, 156, 160; 
iron quartzite reserves, 156 

Kusa, 171 

Kuschi, 158 

Kushva steel plant, 169; furnaces, 69, 
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Kustanai Oblast, iron orc, 176-177 

Kutaisi, 142 

Kuzbass, see Kuznctsk 

Kuznetsk Altai, 128 

Kuznetsk Basin (Kuzbass), 127-133, 210, 
214, 218, 227, 294, 299; industry, 230; 
iron ore, 178, 358-359, 365; mines, 
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133, 136, 138-139, 141, 214, 217- 
220, 222-225, 227, 274, 297, 355; 
ash content, 129; bituminous, 117, 
124; chemical properties, 123; coke 
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coking consumption, 131; first char- 
coal plant, 214; first coking plant, 214; 
low-grade, 132, 273; mines, 130-131; 
moisture content, 129; phosphorus 
content, 129, 174; production, 129; re- 
serves, 128, 130, 273; resources, 228; 
shortage of coking coal, 130, 132-133. 
273; special freight rate, 364; sulphur 
content, 129 

Kuznetsk iron and steel combine, 62, 65, 
91, 108-109, 132, 151, 172, 174, 179- 
182, 200, 208, 211-212, 237, 281, 299, 
313, 346; amalgamation of shops, 84; 
automatic operation, 261; beams and 
channels, 89-90; blast furnaces, 133, 
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48; continuous mills, 81; conversion to 
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pressure operation, 265; increase in 
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360 

Land of Socialism Today and Tomorrow, 
The (Stalin), 343-344, 351, 365 
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Law of diminishing returns, 62, 74, 83 
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Liebknecht, Karl, 89, 293 
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Lime, 115, 186-188, 285 
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sumption, 101-102, 119, 151, 250- 
251; flux, 352; quarries, 102, 166; re- 
Serves, 100; rise in price, 34 

Limonite, 151, 170-171 

Lipetsk ferroalloy works, 160, 236, 238, 
304, 300-308; blast furnaces, 122, 
296, 324 
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sumption, 315-317; metal production, 
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316 
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364 287, 311 
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shuttle, 219, 222, 225, 228 Malenkov, Georgi M., 9, 125, 268, 326; 
Magnitogorsk iron ore, 83, 107, 146, 149, emphasis on expansion of consumer 
151, 170, 173-174, 177, 181-183, goods, 56; regime, 269 
218-219, 222-223, 225-226, 277, 299, Malyi Khingan Mountains, 188-189 
358; agglomeration, 359; beginning of | Manchuria, 141 
exploitation, 214; beneficiation, 359; ^ Manevich, E., 367 
concentration factory, 175, 359; con- Manganese, 12, 14-15, 99, 102-109, 154, 
sumption, 276; falling iron content, 159, 164, 168, 171, 176, 184, 186- 
175; iron content, 359; price, 159, 188, 226, 251, 272, 308; alloys, 103, 


216; production, 159, 172, 216; qual- 306-307, 311; iron content of ore, 
ity, 176, 178, 181, 276; reserves, 172- 107; ore reserves by region, 103, 105, 
173; shortage of, 176; sulphur content, 183; rise in price, 34; world's supplies, 
175-176, 359; total supplies, 172 103 

Magnitogorsk steel combine, 27, 62, 65, Mannesmann, method, 76-77; mill, 293; 
91, 133, 157, 177-178, 183, 211, 217, shops, 303 


220, 222, 226-228, 237, 273, 281, 284, Mariupol’ steel works, 100, 300, 303, 
290, 343, 351, 359, 364; beams and 311; pipe mills, 77, 302 
channels, 89-90; blast furnaces, 50- Market, American, 76-77, 93; consumer, 


51, 53, 66, 84, 110, 132, 136, 175, 63, 82, 94, 187, 201-212, 215, 276; 
180, 226, 239, 242, 257, 264-265, demand, 202, 211; Detroit, 95; east 
274, 296, 321-323, 368; blooming Siberian, 207; regional, 208; Russian, 
mills, 18, 76, 349; coke mix, 134; coke 93; steel, 203; wholesale, 204; world, 
works, 129-130, 136, 225, 274; con- 104, 189 


tinuous mills, 81; conversion to qual- — Marsiati, 106, 165-166 

ity steel, 18; costs, 35-37, 41, 215;  Martite, 160, 162, 166-167, 173-174, 
director, 361; engineers, 132; ferro- 181, 185 

alloy production, 308; finishing mills, Marx, Karl, 62 

84; fuel problem, 217n, 364; giganto- Marxism, 61 

mania, 84, 94; high-pressure operation, — Maslovo iron ore, 165-166 

264-265; largest blast furnace in May Day, 260 

USSR, 68; limestone consumption, Mazul River, 108 

101-102; manager, 216; open-hearth Mechanics, 282 

furnaces, 19, 70, 72-73, 83-84, 110, Medium machinery industry, 16, 270, 
259; opening of, 145, 148, 172, 176, 319 

218, 275, 363; operation at a loss, 219; Mendeleev, Dmitri L, 135 

pig iron production, 84, 215, 218,  Mensheviks, 62 

241—242; productivity, 257-258, 260, Metal, articles, 282; consumption, 93, 


366; profits, 41; rail mill, 89; record 206-207, 318; fabricating plants, 199, 

production, 257; rolling mill, 89; spe- 284; ferrous, 204; fund, 192, 199; 

cial freight rate, 41; steel output, 84; heterogeneous types of, 94; mix, 144, 

water supply, 353; world's record in 192; production, 38, 110, 148, 207; 

daily production, 265 transport of, 204; workers, 198 
Maintenance facilities, 66 Metal industry, 45, 213, 217, 344; sub- 
Maizenberg, L., 345, 362 sidies statistics, 31 


Makeevka steel works, 250, 284-285, Metal Progress, 370 
294, 296-297, 304, 321-322, 324n, Metall, 44n, 344, 347. 349. 352-353, 
346, 349; blooming mills, 75, 297; 357, 361-364 
Construction Bureau, 65; continuous Metallosbyt, 204 
mills, 81; costs, 35-36, 297; giganto- Metallurgical, equipment, 211; industry, 
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19; research, 157, 192, 289-290; tech- 
nique, 281 

Metallurgicheskie aggregati SSR, 371 

Metallurgiia chuguna, chast I, vvedenie 
syrye materialy, 123, 231n, 350, 352, 
354-302, 367 F 

Metallurgiia chuguna, chast 111, domen- 
naia pech’, 55n, 322n, 327, 346-348 

Metallurgists, American, 290; Russian, 
290 

Metallurgy, ferrous, 140, 233, 290, 343, 
353, 369; nonferrous, 140, 370; pig 
iron, 356; in Urals, 212; use of oxygen, 
263 : 

Metodika  planirovaniia  chernoi metal- 
lurgii, 44n, 92, 231n, 344, 346, 348, 
350, 357, 366-367, 370 

Mezhlauk, V. L, 344, 346 

Miass River, 292 

Mikhailov, N. M., 363 

Mikhailov, O., 344, 348 

Military, establishment, 269; output, 271; 
security, 2, 255, 317; strategy, 234 

Minerals: A Key to Soviet Power (Shim- 
kin), 343 

Minerals, subsidies to, 34 

Mines, 175, 181-182, 186, 369; admin- 
istration, 280; construction, 224; costs, 
148, 273; investment in, 182; mechan- 
ization of, 155; open-pit, 158, 165- 
166, 169, 172, 177, 187; strip, 141; 
underground, 145, 158-159, 176 

Mining, administration, 282; industry, 
260; machinery, 212 

Ministry for State Control, 280-281 

Ministry of Construction, 56, 210 

Ministry of Finance, 288 

Ministry of Gcology, Urals 
176-177 

Ministry of Iron and Steel, 27, 56-57, 
132-133, 147, 177-178, 199, 204, 234, 
237, 261, 264-265, 280-284, 288-291, 
296, 302, 368, 370 

Ministry of Metallurgy, 73 

Ministry of Metals, 216 

Ministry of Nonferrous Metallurgy, 370 

Ministry of Transport, 219 

Minnesota iron ore, beneficiation, 277 

Minsk, 86-88, go 

Minusinsk Basin, coal reserves, 128; iron 
ore, 182, 276 

Mirovoe Khoziaistvo, 241 

Moisture, 119, 123, 129, 135, 139-142; 
hygroscopic, 106 

Molotov, V., 17, 230, 293, 296, 343, 351 

Molotov Oblast, 135, 164 

Molybdenum, 103, 306 


Division, 
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Momdzhi, G. S., 358 

Monetary reform of 1947, 40, 260 

Monopolistic selling syndicates, 31 

Moskovskii Bolshevik, 361 

Moscow, 13, 86, 184, 196, 198, 212, 
219, 234, 276, 281-283, 289, 303, 307, 
311, 313; Oblast, 235, 294; plants, 
239, 263, 297 

Moscow Aviation Institute, 289 

Moscow Basin, coal reserves, 128 

Moscow Institute of Iron, 289 

Moscow-Leningrad region, 200, 205, 
211-212, 233; steel plants, 18, 238, 
312 

Moscow News, 322n, 357, 362 

Moscow Pipe Plant, 297, 303-304 

Mount Iubryshka, 165 

Mount Lebiazhka, 106 

Mount Magnitka, 175 

Mundybush sinter plant, 178, 180-181 

Munitions Industry, 16-17, 191, 211, 
229, 233-234, 270; consumption of 
iron and steel by, 24-25, 269, 271, 
315-320 

Murdzhik, 108 

Moma 210; Oblast, 161; railroad, 
162 

Mushketov, I. V., 208 

Myrtsymov, A. F., 20n, 343-344, 371 


Nadezhdinsk (Serov) steel works, 214, 
298, 349 

Nad kartoi rodiny, 363 

Namoiushko, V. I., 358 

Narodnoe Khoziaistvo, 324n 

Nashe Stroitel'stvo, 38n, 44n, 345 

Neches, Ivan, 259 

Nerchinsk, 140 

Neurussiche Gesselschaft, 299 

New Economic Policy, 1921—22, 31, 146, 
148 

New York City, 82, 215 

New York Times, 357, 365, 368 

Nickel, 15, 164; oxides, 172 

Nikolaevsk region, 153n; iron ore, 187, 
295 

Nikonov, V., 345. 353-354, 357, 362, 
6 

Nikopol', manganese mines, 107-109; 
manganese ore, 34, 104—106, 109, 282, 
309; pipe mills, 77, 87, 92, 303-304, 
349 

Nimitz, Nancy, 20n 

Nitrates, 25 i 

Nitrogen, 262, 312; fertilizer industries, 
110 
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Nizhniaia Salda steel plant, 64, 297, 321 

Nizhnii Tagil steel plant, 19, 49n, 64, 
Go, 169, 211, 281, 297, 308, 321, 349; 
coke works, 129 

Nomenklaturnyi spravochnik i tseny na 
matcrialy i oborudovanie, 38n, 362, 
371 

Norilsk coal deposits, 140 

North Caucasus, 308; coal reserves, 128; 
reserves of manganese ore, 103, 105 

North-Central Urals, iron ore, 164-170 

Northwest iron ore, 161 

Northwest Iron and Steel Plant, Chere- 
povets, 53, 138, 163-164, 195, 200- 
201, 209-210, 215, 274, 292, 358, 
361, 363; giant furnaces, 225; pig 
iron capacity, 111; steel capacity, 111 

Nosov, Gregory I., 72, 175-177, 259, 
264, 290, 343, 370 

Novo-Berezovsk, manganese deposits, 
106 

Novo-Kramatorsk Heavy Machinery 
plant, 27, 198, 209, 295; slab mill, 81 

Novo-Lipetsk steel plant, 37, 52, 559; 
blast furnaces, 86, 102, 296, 321-322 

Novo-Makeevka works, 127 

Novo-Mariupol' steel plant, 195 

Novosibirsk, 212, 222-223 

Novosibirsk Oblast, 88, 226; iron ore 
reserves, 156, 179; stcel plant, 297, 
351 

Novospasskii, A. F., 347 

Novo-Tagil ore reserves, 83 

Novo-Tagil steel plant, 19, 27, 53, 102, 
106, 167—168, 242; blast furnaces, 67, 
69, 136, 169, 220, 225, 232, 250, 297, 
308, 322; continuous-sheet mill, 91; 
management, 169; open-hearth fur- 
naces, 70, 195; rail production, 78 

Novo-Troitsk, manganese ore, 107; steel 
plant, 53, 171, 297 

Novo-Trubnyi Pipe Plant, 298, 304 

Novo-Tula steel plant, 37, 53; blast fur- 
naces, 86, 102, 264, 298, 321; oxygen 
blast, 262 

Novyi pod'em  narodnogo khoziaistva 
SSSR v poslevoennoi piatiletke, 240n, 
241n, 350 


Ob' River, 214, 227 

Obukhovskii, Ia. M., 125n, 127, 354 

Ochemchiri, 142 

Ocherkii ekonomiki (Weingarten), 66n, 
103n, 344, 347-353, 357-361, 363- 


364, 368 
Ocherki po metallurgii chuguna (Sirov- 


skii), 350 
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Ofitsial’nyi ukazatel’, 365 

Ogievski, V. M., 359 

O gosudarstvennom plane vosstanovle- 
niia, 345 

Oil, fields, 200, 303; industry, 22, 32, 
194, 209, 299, 305; reserves, 118, 155 

Old, B. S., 368 

Olenegorsk iron ore, 161—164 

Olen'ia, 162 

Ol'ga Bay, iron ore, 188 

Ol'ginsk iron ore, 188 

Omsk, 212, 217, 222-223, 226-227 

Omutninsk, 164 

Onega steel plant, 298 

O normakh proizvodstvennykh zapasov, 
352 

Oparin, L, 367 

Open-hearth furnace, American, capa- 
city, 71; models, 7o; productivity, 62; 
scrap consumption, 197 

Open-hearth furnace, German, medium- 
sized, 70 

Open-hearth furnace, Soviet, 2, 13, 18, 
53, 77, 99, 114, 185, 207-209, 283- 
284, 287-289, 292, 294-300, 313, 359; 
automatic control, 260-262, 271, 368; 
capacity, 49, 71, 73, 242, 252, 293, 
348; charge, 66, 82, 144, 200; co- 
efficient, 251, 256, 260, 367—368; con- 
struction, 255; design, 66; equipment, 
48; ferroalloy production, 308; floor 
space, 71, 251; fuel consumption, 118; 
largest, 72; large-scale, 75; mix, 194, 
272, 361; operation, 208; oxygen used, 
272; productivity, 246-266, 271, 366- 
369; productivity index, 252; recon- 
struction, 72, 240; repairs, 72, 252; 
roof linings, 112; scale, 61-73, 347- 
348; scrap charge, 191-192, 197, 200, 
242, 312, 369; size, 81, 211; special 
treatment for arsenic, 157; weight of 
mechanical equipment, 48 

Open-hearth process, acid, 312-313; 
basic, 313 

Orda-Bash iron ore, 178-179, 181 

Order of Lenin, 81 

Ordzhonikidze, Grigori K., 295, 300, 344 

Ordzhonikidzensk steel works, 300; lime- 
stone consumption, 101 

Ore industry, 193 

Orenburg Oblast, iron ore reserves, 156, 
171 

Organization, of construction work, 50; 
improvements in, 369; of steel indus- 
try, 279-290, 370 

Orsk, 227 

Orsk-Khalilovo Quality Steel Works, 
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apen-hearth department, 53, 171, 281, 
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Osadchii, Ia. P., 349, 370 
Osinovsk, coal, 123, 128-129; coke, 132 
Osnovnye voprosy piatiletnogo, 364 
Osnovy ekonomiki zheleznodorozhnogo 
transporta, 349 
Ostroukhov, M. Ia., 322n, 347, 355-356, 
366, 368 
Otdelenie Ekonomiki i Prava, 104n, 356 
Otdelenie Tekhnicheskikh Nauk, 363, 


368 
Otel’chenko, A. I., 106, 352, 355, 358 
Oxygen, in air blast, 69, 151, 262-263, 
368 


Pacific, coast, 200; Ocean, 128, 187, 276 

Partigul, S., 240n, 241n, 350 

Pashennaia, 140 

Pavlodar, 134, 227 

Pavlov, M. A., 52, 55, 64, 66, 100, 117- 
118, 123n, 127, 151, 154-155, 160, 
166, 170, 182, 231, 250, 266, 322n, 
327, 346-348, 350, 352-362, 367 

Peat, 116-118 

Pechora Basin, 86, 136-139 

Pechora Basin, coal, 136-139, 210, 228; 
ash content, 137-138, 274; metallurgi- 
cal coke, 137-138; phosphorus con- 
tent, 137, 274; reserves, 128, 137; 
sulphur content, 137-138 

Pennsylvania coke, 273 

People's Commissariat of Ferrous Metal- 
lurgy, 20n 

People's Commissariats, 206 

Perin and Marshall Company, 70 

Pershinsk iron ore, 188 

Personnel, 51, 66, 260, 281—282, 284- 
285, 290 

Perspektivy i puti razvittia, 355 

Perspektivy — razvitiia drevesnougol’noi 
metallurgii na Urals, 354 

Pervouralsk, iron ore, 170; pipe works, 
77, 87, 298, 303-304 

Pervukhin, 326 

Pervyi Severnyi iron mines, 139 

Peter the Great, 139, 159 

Petropavlovka magnetic anomaly, 177, 
226 

Petrovsk steel plant, 52, 9o, 208, 281, 
349-350; blooming mills, 75; blast 
furnace capacity, 67-68; limestone 
consumption, 101; production costs, 
35; rail-rolling facilities, 78; recon- 
struction, 53 

Petrovskii, 294, 323 
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Petrovsk-Zabaikal'iskii steel plant, 49, 
140, 186, 200, 208, 322, 351; annual 
production, 66, 238n, 366; iron foun- 
dry, 207, 298 

Petrozavodsk iron ore, 164 

Phosphates, 157 

Phosphorus, 102, 104-105, 108, 115, 
129, 137, 151, 154, 157-160, 162- 
172, 174, 176-177, 180-181, 184-188, 
223, 251, 305 

Piatiletnit plan — narodno-khoziaistoen- 
„nogo, 361, 364-365 

Pig iron, 1, 12, 82, 104, 164, 208, 220, 
294, 296-298; charcoal, 36, 116-117, 
223, 233, 281, 292, 299; charge, 196; 
chemical composition, 251; coke, 84, 
116, 223; consumption, 317; demands 
for, 69; high-grade, 19; low-grade, 22; 
manufacture, 34, 114, 160, 223; open- 
hearth, 169; prewar output, 65; pro- 
duction, 10, 56, 74, 83-84, 100-101, 
111, 117, 135, 144, 157-160, 166-167, 
170-173, 191, 197-200, 202-203, 205, 
232, 249-250, 255, 266-268, 273, 281, 
283, 303, 307-309, 312, 327, 354: 
production by region, 231, 235, 238— 
240; production statistics, 9-10, 48, 
52, 54, 143, 147, 164, 176, 179-182, 
184, 188, 190, 210, 223, 236-237, 242, 
268, 283, 325-326, 350; production 
statistics compared with Great Britain, 
Germany, and U. S., 28-29; quality, 
115, 119, 136, 150, 158, 163; sub- 
sidies for production, 34; sulphur con- 
tent, 120; sulphur-free, 116, 136, 216, 
274, 312; total output, 146; types of, 
249, 251, 253; water consumption per 
ton, 109-110 

Pipe industry, 370 

Pipe Institute, 289, 302 

Pipe mills, 75-78, 99, 108, 209, 232, 
284, 287, 294-300, 302-304, 349, 370; 
size, 76; specialization, 76 

Pipe, 37, 46, 91, 206, 209, 282, 293, 
309, 317-318; cast iron, 46, 205-206, 
294, 297, 302, 316; foundry, 292, 294; 
iron and steel 11, 302-305, 316; 
plants lost to Germans, 11; production, 
11, 205, 303, 305; rolled, 232-233, 
292, 295, 297-298, 300; seamless, 76- 
77, 87, 293, 299. 302-304; welded, 
293-294, 297, 300 

Pisarevskii, M. B., 353-355 

Pitch, 118 

Pittsburgh, 94 

Planirovanie na — zheleznodozozhnom 
transporte, 238n, 240n 
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Planirovanie proizvodstva na metallurgi- 
cheskom zovode, 309n, 349 
Planovoe Khoziaistvo (Planned Econ- 
omy), 14n, 32n, 44n, 49n, 92, 125n, 
127, 199, 231n, 238n, 240n, 254n, 
314n, 318, 322nn, 323n, 324n, 325n, 
326, 343-348, 350-357, 359-366, 368- 
369 
Pneumatic jigs, 115 
Pokrovsk iron ore, 167 
Polakowski, N. H., 318 
Poland, 230; as source of coking coal, 
122-123; new iron and steel works, 
161 
Polevskoi, 298 
Poleznye iskopaemye zapadno-sibirskogo 
kraia, 363 
Polunochnoe, 165; manganese ore, 106 
Popov, A. P., 371 
Poslevoennia piatiletka v deistvii, 324n 
Postriganev, V. G., 215-216, 364 
Potreblenie chernykh metallo v SSSR, 
14n, 16n, 20n, 46n, 88n, 205n, 231n, 
307n, 315, 316n, 326, 343 
Power stations, 99, 114, 161, 166, 182, 
209 
Pozanecr, Aleksandr, 44n 
Pravda, 22, 26n, 55-56, 104n, 133, 135, 
138, 177-178, 183, 198, 221m, 238n, 
240n, 241n, 254n, 258, 264, 268, 270— 
271, 283n, 322n, 323n, 324n, 325n, 
326, 343-353, 355-359, 361-368, 370- 
371 
Pravda car-building factory, 91 
Pravda Ukrainy, 357, 366, 368 
Precision, products, 292; shops, 287 
Predoehl, A., 213 
Preobrazhenskii, 255 
Prices, aluminum, 33; charcoal pig iron, 
36, 364; coal, 34, 216; coke, 34, 38; 
control, 31; conversion iron, 34, 38, 
194; current, 44, 47; decree of 1939, 
38; decree of 1949, 39-40; deflated, 
43, 46; differentials, 195; equipment, 
50; farm products, 31; ferroalloys, 12, 
35, 305; fluctuating, 43; foundry iron, 
38; glass, 33; I-beams, 38; iron and 
steel pipe, 35; iron and steel products, 
31-33, 38; limestone, 34; policy, 42; 
quality steel, 35; rails, 38; raw mate- 
rials, 100; reform, 33, 37, 40, 194, 
203; reform of 1936, 159, 216, 219, 
345; reform of 1939, 219; reform of 
1950, 362; regulation of, 31-32, 364; 
revision, 37, 39; rolled products, 35, 
38; scrap, 36, 194-195, 362; steel, 33, 
40; subsidy-free, 34; system, 33, 39- 
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40, 203-204, 345, 362; wholesale, 38- 
39, 204, 345, 362 

Price structure, Soviet, 99 

Prikaz No. 2041, 91 

Primandrov iron ore, 162-163 

Problemy chernoi metallurgii, 322n, 347, 


356, 360 

Problemy | severo-zapadnoi | metallurgii, 
352 

Probst, A. E., 352-353, 356, 358, 361- 
363 

Production Department, 281, 285, 288- 
289 


Productivity, All-Union, 327; American 
worker, 369; blast-furnace, 246-266, 
271; capital equipment, 246, 248, 268, 
271, 326, 345; high pressure, 265; in- 
creases, 265-266; of steel industry, 1; 
labor, 268, 271, 345, 354, 369; maxi- 
mum, 266; most rapid increase in 
world, 253; open-hearth, 246-266, 
271; rise in, 40—41; Soviet workers, 
268, 369; technical, 92; wartime, 256- 
257 

Proektania, 227 

Profits, 32; in iron and steel industry, 
35, 38, 41-42, 194; margins, 37; 
paper, 37; on pig iron, 34; planned, 
37, 39; rate of, 37 

Prokop'evsk coal region, 123, 128, 130 

Promyshlennoe razvitie SSSR, 14n 

Promyshlennost' SSSR v novoi stalinskoe 
piatiletke, 26n, 356 

Public Opinion in Soviet Russia (In- 
keles), 355 

Publications, 
braries, 4 

Pudozhgora iron ore, 163 

Pumps, 32, 211-212, 287 

Putilov Machinery Plant, 296 

Putilovsk mechanical works, 17 

Pyrites, 168, 173, 176 


Russian, in American li- 


Quality control, 285 

Quality rolled metal, 15, 19, 22 

Quality steel, 11-12, 14-22, 53, 67, 99, 
233, 252-253, 292, 297, 300, 302, 
309-314, 326, 360; automatic controls, 
261; categories, 318; consumption by 
munitions industries, 24, 317; dis- 
crepancies in consumption, 318; out- 
put in 1913, 21; price rise, 35; pro- 
duction, 19-22, 233, 270, 343, 371; 
products, 317; profit margin, 37; So- 
viet consumption, 317 

Quartzite, 111, 154, 156, 160, 162, 164, 
173, 184, 188-189, 308 
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Rabota mastera na sovremennoi domen- 
noi pechi, 3220, 347 

Rail mills, 75, 78, 87, 293, 350 

Railroad industry, 15, 23, 234, 270 

Railroad transport industry, 16, 22; re- 
habilitation of, 22 

Railroads, 82, 85, 132-133, 157, 160- 
161, 178-179, 182-183, 185, 193, 197, 
204, 208, 287, 351, 362; administra- 
tion, 216; cable, 158-159, 186; con- 
gestion of, 222; construction, 226, 274; 
cost-accounting system, 218; engines, 
32; network, 91, 93, 108, 160, 219; 
officials, 215; overhend costs, 218; 
overtaxed, 225; policy, 221; products, 
87-89; rehabilitation, 270; system, 
195, 216, 221, 227-228; railroad 
works, 287 

Rails, 11, 21~22, 32, 206, 208, 294, 297- 
300, 309, 311; Bessemer, 38n; dis- 
tribution, 88; production, 78, 270; roll- 
ing of, 75; types, 88 

Railways, sec Railroads 

Rationalization of productive process, 61 

Raw materials, 34-35, 101, 111, 114, 
202, 209, 213-215, 221, 250, 252, 272, 
281-282, 285, 288, 368; bases, 53, 
358, 360; preparation of, 147; prices, 
100; supply of, 83, 269 

Red China, industrialization of, 269 

Red'ko, A. N., 359 

Red October works, 298-299; open- 
hearth furnaces, 70; production costs, 
70 

Red Putilovets steel works, 311 

Reducing mill, 76, 350 

Refractories, 110-112, 353; chamotte, 
110-113; dinas brick, 110-112 

Repairs, 56, 72, 161, 180, 210, 248-249, 
252, 286-287, 309, 328 

Report on Investigation of European 
Steel Plants, 368 

Republic Steel Corporation, 263 

Revda steel plant, 18, 298 

Revdel, 290 

Review of Economics and Statistics, 
349 

Revolution, Russian, 9, 20n, 48, 50, 64, 
67, 100, 115-116, 122, 134, 182, 260, 
343. 371 

Riabin'kii, B. Ia., 287, 309, 349, 352, 
360-361, 366-367, 370 

Riazansk Oblast iron ore, 156 

Riga, 198 

Rikman, V. V., 352-353, 356, 358, 361- 
363 

Roads, 21 
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Rodin, Nicholas, 318 

Roitburd, L., 369 

Rolled metal, 48, 207, 210, 295; pro- 
duction, 232, 236, 242, 270, 283; pro- 
duction by region, 231; total output, 
327 

Rolled products, 15, 18, 36, 9o, 92, 202- 
203, 206, 208, 220, 281, 290, 294, 
303, 309, 316; allocated to iron and 
steel industry, 46; American, 79; as- 
sortment, 75; capacity, 282; consump- 
tion statistics, 15-16; ordinary, 317; 
quality, 206, 311; planned output, 309; 
production statistics, 10, 20, 255, 325- 
326; rise in price, 35 

Rolled steel, ordinary, 15, 270, 318, 360; 
consumption, 15-16, 20-22, 205, 270, 
317; planned output, 309 

Rolled steel, quality, 15, 270, 292, 294- 
295, 318, 360; consumption, 15-17, 
205, 317-318; production, 20, 29, 114, 
205, 236, 283, 319, 343 

Rolled wheels, 89, 293, 309 

Rolling mills, 56, 63, 72, 74, 114, 208- 
209, 282-284, 287, 291-292, 296- 
298, 304; annual capacity, 49, 75; con- 
struction, 255; design of, 66; equip- 
ment, 47, 75; fuel consumption, 118; 
integration, 82, 99; Japanese com- 
pared with American, 79; Pilger, 76, 
299, 302; shops, 48, 260; size, 81; 
specialization, 74—81, 92, 207, 221n, 
348-351; types, 75 

Romanovskii, G. D., 208 

Roofing, 209, 297-300, 311; mill, 292, 
300, 350 

Rossiiskaia federatsiia o novoi piatiletke, 
238n 

Rostov Oblast, 122 

RSFSR, 122, 319; coal reserves, 128; 
pig iron and steel production, 238; 
reconstruction of blast furnaces in, 52- 
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Ruchimskii, N. A., 44n 

Rudnikov, P. P., 217-218, 364 

Rudnogorsk, iron ore, 186-187 

Ruhr, Germany, coal, 123; coke, 273 

Rumania, 159 

Russakovsky, E. A., 351-352 

Russia, European, 137, 281, 307; man- 
ganese supplies, 103; southern, 64 

Russia, tsarist, 15, 17, 64, 78, 195, 235. 
313, 348; pig iron production, 84; 
steel industry, 21, 213, 309 

Russia's Soviet Economy (Schwartz), 
369 

Russo-German War, 1941, 69 
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Rustavi, 142, 209; steel plant, 108, 158- 
159, 209, 298-299, 304n 

Rykov, 349 


Safety department, 285-286 

Saksagan, River, 152; ore, 152 

Saksagansk iron ore, 154 

Salairsk Ridge, 128 

Sales, iron and steel, 282, 291; office, 
289; organization, 204, 318; planned, 
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Salt industry, 32 

Saltykova iron ore, 160 

Sama iron ore, 165-166 

Samoilovich, P. Ia., 130-131, 355 

Sand, 161 

Sanford, N. Y., iron ore, 171 

Sapal'sk manganese deposits, 106 

Sapiro, S. L., 371 

Sara-Oba iron ore, 177 

Saratov, 235 

Satellite nations, 28, 268-269; mills, 275 

Satka Steel works, 102, 323; charcoal 
blast furnaces, 117, 298 
Satkinsk charcoal works, 171 

Savinskii, D. V., 352 

Schools, 282 

Schwartz, Harry, 365, 369 

Schwarz, Solomon, 369 

"Scissors" crisis, 31 

Scott, John, 364 

Scrap, alloy, 360-361; battlefield, 197; 
collection, 194-198, 269, 272, 282, 
289, 360-361; consumption, 145-146, 
190, 192, 195-197, 200-201, 232-233, 
252, 257, 299; consumption per ton of 
conversion iron, 146, 361; from fabri- 
cation, 192; fund, 192, 272; iron, 190, 
285; metal, 1, 36, 82, 111, 141, 184, 
215, 272, 369; oil-field, 209; pur- 
chased, 192; ratio to steel production, 
193; shortage, 198-199; supplies, 190— 
201, 273, 283; war, 272 

Seams, coal, 124, 130, 134, 137-142 

Second Five Year Plan (1933-1937), 2, 
23, 27, 195, 205, 211, 367; agglomera- 
tion, 149; beneficiation plants, 148; 
blast furnace capacity, 48, 63, 65-66; 
construction program, 71; distribution 
of iron ore resources, 156; electric 
furnaces, 313; expansion of steel in- 
dustry, 84, 206; ferroalloys, 307; fire- 
brick manufacture, 111; giant steel 
plants, g1-92, 94-95; investments, 45; 
large-scale facilities, 76; pig iron out- 
put, 29; pipe works, 303; productivity, 
253; production goals, 92, 255; qual- 
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ity steel, 17, 312; railroad network 
overloaded, 91; rolling mills, 75 

Section, iron, 11, 309; mills, 292—301 

Scmik, I. P., 358 

Semipalatinsk railroad line, 184 

Serk, A. Iu., 389, 361 

Serov region, 106, 282 

Scrov steel works, 18, 166-167, 171, 214, 
265, 298, 308, 311-312 

Services, 42, 62 

Severnaia mines, 165 

Shabad, Theodore, 292, 306, 355 

Shakhtinsk region, coal mines, 117 

Shale, coal-bearing, 143 

Shalym iron ore, 178-179, 181-182 

Sheet mills, 75, 78-81, 93, 292-300, 350; 
capacity, 79 

Sheet roofing, 11, 298-299; cost of pro- 
duction, 80 

Sheets, 18, 79, 91, 292-300, 309-311 

Sheregesh iron ore, 178-179, 181-182 

Shil'nikov, N. S., 104n, 302n, 351 

Shimkin, Demitri, 25, 343 

Shipbuilding industry, 23, 234, 270, 295, 
316 

Shkliarevich, I. A., 358 

Shneider, V., 352 

Shoduar pipe works, 293, 302 

Shone, Sir Robert, 262 

Shulkin, L. P., 14n, 16n, 20n, 23, 46n, 
86, 88n, 204-206, 231n, 3070, 315, 
316n, 317-318, 320, 326, 343, 350- 
351, 361-362, 366 

Siberia, 86-88, 90-91; eastern, 49, 207— 
208, 232, 274, 298; industrialization, 
218; iron ore deposits, 151, 225, 359; 
location of heavy industry, 229; man- 
ganese ore deposits, 103, 108-109; 
quality rolled steel, 19; rolled prod- 
ucts, 206; scrap collection, 194; steel 
works, 101, 117, 208; structural steel, 
234; western, 68, 78, 88, 136, 200, 
205, 222, 235, 271, 273-274, 276, 281, 
293-294, 297, 299 

Siberian, coal, 312; coke, 64 

Siberian railroads, 86, 217-218, 224, 365; 
engineers, 214; improvements and ex- 
pansion, 226; tonnage hauled, 217 

Siderite, 151, 159-160, 164, 170-171, 
177, 185 

Sieve analysis, 154 

Sigov, A. A., 179, 359 

Silesia, Poland, coal, 123; coke, 273 

Silica, 102, 104—108, 110, 115, 151, 154, 
158, 162, 165-167, 170-172, 180-181, 
185-188, 251, 276, 308 

Silicates, 151, 174, 176, 188 
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Silicoalumina, 292, 308 

Silicocalcium, 292, 308 

Silicomanganese, 307 

Silicon, 12, 15, 106, 117, 164, 306; di- 
oxide, 104-105 

Sinara region iron ore, 170 

Sinarsk steel plant, 18, 304 

Siniachikha iron ore, 169-170 

Siniarskii Pipe Plant, 294 

Sirovskii, I. A., 350, 354 

Skill, managerial, 84 

Skobnikov, M. L., 359 

Slabbing mills, 74, 77, 80-81, 109, 163, 
300, 350 

Slag, 119-120, 164, 166, 186, 307; 
bricks, 285; cement, 285; viscosity, 
358; wool, 285 

Smelting process, intensity of, 250, 252, 


259 

Smolensk, 86-88, 90 

Smoliarenko, D. A., 348 

Soaking pits, 124 

Soc. des Tuileries, 295 

Soc. Met. de Taganrog, 294, 299 

Soc. Met. Russo-Belge, 294 

Soc. Min. et Met. “Union,” 296 

Socialism, 62; enemies of, 28, 92; incen- 
tives and pay, 367 

Socialist, cities, 110; competition, 242, 
258, 260; economic principles, 243; 
economics, 33; economy, 93, 127; en- 
terprise, 177; planners, 235; produc- 
tion, 279; socicty, 92 

Socialists, 214 

Sologubov, V. N., 356 

Sormovo Works, 32 

Sosnovets Society, 294 

Sotsialisticheskoe stroitel'stoo SSSR, 10n, 
iin, 14n, 20n, 26n, 44n, 104n, 153n, 
191n, 231n, 314n, 343, 352, 354-355, 
365 

South Chicago, 94 

South Siberian Railroad, 134, 183, 227, 
365 

Southern Urals iron ore, 170-178 

Southern Urals Railroad, 176, 220 

Sovetskaia gruziia, 371 

Sovetskaia Metallurgiia, 110, 380, 49n, 
91, 253, 321n, 322n, 345 347-353 
359, 362, 364, 367 

Sovetskii zheleznodo rozhnyi transport 
1917-1947, 355, 364 

Soviet, academies, 126; accomplish- 
ments, 51; achievements, 326; admin- 
istration, 94-95, 126, 206, 288; ad- 
miration for American technology, 93; 
alarm, 267; army, 25, 229; authorities, 
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32, 42, 91-92, 126, 142, 144, 155, 
173, 176, 183-184, 197, 202, 213, 228, 
259, 263-264, 269, 310; blast furnace 
experts, 249; bureaucracy, 204, 264, 
business enterprises, 94; claims, 265; 
Costs accounts, 218; designers, 72—73; 
economic activity, 234; economic de- 
velopment, 9; economic policy, 31, 
268; economists, 32-33, 37, 62, 74, 
76, 79, 82, 86, 91-92, 100, 180, 195, 
205, 213, 223, 265-266; electrification, 
14; engineers, 1-2, 13, 64, 72, 74, 76- 
77, 79, 82, 92-93, 109, 113, 117, 259, 
264, 284, 290, 346; epoch, 1; era, 311; 
geographers, 180; geologists, 103n, 
126, 141, 158, 160-161, 163, 171, 176; 
government, 1, 9, 12, 15, 32, 37, 74, 
100, 106, 109, 111, 139, 184, 210, 
224, 257, 268-269, 271, 279; hierarchy, 
198, 284; industrial development, 1; 
industrial structure, 5; involvement in 
war, 19; iron ore production, 172; iron 
ore reserves, 155, 160; leaders, 23, 85- 
86, 116, 125, 136, 230, 253, 255, 267— 
269, 271, 273, 277; literature, 65, 162, 
304; management, 83, 126, 216, 255- 
256, 271, 274; metallurgists, 22, 126, 
135-136, 163, 355; mineral resources, 
142; miners, 168, 181, 198; mining ex- 
perience, 161; ministries, 126, 190; 
officials, 183; ore supplies, 179; pco- 
ple, 1, 41, 198, 230; period, 309; pe- 
riodicals, 2, 344; planners, 41, 56, 61— 
63, 80-81, 126, 146, 199, 213, 228, 
232, 258; plant directors, 126; power, 
230, 347; preparation for war, 25; 
press, 2, 21, 68, 77, 115, 126, 133- 
134, 138, 144, 177, 198-199, 209, 229, 
255, 258-259, 262, 322n, 326-327, 
344. 351, 357, 361, 363; prestige, 2; 
price system, 203, 216; propaganda, 
28; proprietors, 175; publications, 246, 
317; railways, 21, 222; rearmament 
during Cold War, 21; record, 233; 
refugee, 318; regime, 15, 48, 273, 302- 
303, 313; resources, 180; restoration 
period, 64, 70, 74, 154, 253, 261, 302, 
313; rule, 39; scientists, 127, 273, 290; 
self-criticism, 133; standards, 51, 122; 
state, 198, statisticians, 326-327; stud- 
ies, 318; system, 220; technicians, 13, 
35, 124, 127, 160, 175-176, 273; titles, 
4; war machine, 152; workers, 12, 
32, 35, 135, 197-198, 259, 268, 285, 
290; writers, 69, 90, 100, 194, 203, 
214, 222, 230, 235, 255, 264, 320. 
See also individual industries 
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Soviet Economic Development since 
1917 (Dobb), 344 

Soviet Economic Growth (Eason and 
Lorimer), 345, 369 

Sovict economy, 4, 152, 203, 223, 225, 
232, 260, 279, 289; development, 
61, 82, 288; disproportion between 
branches, 26; drive for industrializa- 
tion, 9, 23; drop in productivity, 255; 
expansion, 85, 199, 303; growing de- 
mand for iron and steel, 228; lack of 
adaptability, 71; performance, 267; 
planned, 217; reconstruction, 39; re- 
conversion to peacetime production, 
19-20; strains placed by war on, 56; 
in World War II, 21, 270 

Soviet iron and steel industry, adminis- 
tration, 279-280, 284-286; administra- 
tive bickering, 133; American models 
Íor, 1, 62; annual data on total pro- 
duction, 267; based on charcoal, 116; 
Belgian models for, 65; books of, 218; 
books on, 147; bungled up, 92; capa- 
city, 368-369; capital investment, 199; 
characteristics, 5; coal consumption, 
118; coking-coal bases, 122; construc- 
tion, 17, 43, 46, 56, 70, 233; con- 
sumption of structural steel, 46; con- 
tribution to technology, 272; converted 
to war production, 25; cost-price struc- 
ture and subsidization, 31-42; dam- 
aged by Germans, 48; decentralization, 
148; designs, 66; development, 4, 76, 
265, 267, 290; directors, 260, 284, 
290; economy, 109; elimination of sub- 
sidies, 35, 40; engineers, 260, 284— 
286; expansion, 1, 9, 17, 25, 28, 33, 
42, 61, 84, 92, 118, 136, 138, 190- 
191, 205-206, 268-269, 271, 274, 277, 
369; experts, 127, 265; factors affect- 
ing location, 99-112, 351-353; five 
special branches, 11; French models 
for, 65; future prospects, 5, 267—268, 
272; growth of production and invest- 
ment, 4, 10, 23, 115, 275; increase 
in production, 148; influence of iron 
ore supplies on location and develop- 
ment, 144-189, 356—360; influence of 
scrap supply on location and develop- 
ment, 190-201, 360-362; integration 
of, 99, 114, 200, 284-285; limitations 
on, 272, 277; limits to size, 82; loca- 
tion, 5, 63, 235-243, 366; location, 
effect of coking coal supplies on, 113- 
114, 353-356; locational pull of con- 
sumer markets, 202-212; loss, 42, 204; 
military defense affecting location, 
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229-234, 365-366; natural resource 
base, 271; new construction, 48-57, 
61, 257; norms, 288; officials, 147; 
operators, 271; organization of, 279- 
290; pay levels, 260; planners, 195; 
plant and equipment, 4; plant labora- 
tories, 290; plant managers, 35, 69, 71, 
85, 259, 287; problems of, 268; pro- 
duction, 9-30, 212, 235; production 
compared with American, 28-30; pro- 
duction costs lowered, 40; profits, 204; 
rate of growth, 28, 267; rate of in- 
veshnent, 43-57, 229; recent trends, 
5; reconversion to peacetime produc- 
tion, 40; regions, 101; restoration, 275, 
308, 346; rise in production, 266; role 
of transportation in location, 213-228, 
363-364; scale of production, 61-73, 
351; scrap consumption, 198, 272; 
shops, 285-287; size of plants, 74, 81— 
84, 348-350; special branches, 302- 
314; specialization, 4, 61, 74-95, 203- 
204, 206-207, 351; subsidization, 31— 
42, 160, 216, 344-345; technical effi- 
ciency, 61-62; technical progress, 272; 
techniques, 71, 271, 288; theory of 
specialization and scale, 61-63; total 
steel consumption, 317; total steel out- 
put, 283; tsarist, 48; types of plants, 
284; visited by non-Communist ex- 
perts, 3, 262, 265 

Soviet iron and steel plants, alphabetical 
list and characteristics, 291-301 

Soviet metallurgy, 79 

Soviet Russia, see USSR 

Soviet sources, 2, 4, 10~11, 14, 16, 20, 
26, 32, 38, 44, 46, 49, 55, 63, 66, 88, 
101, 103-104, 121, 123, 125, 128, 148, 
153, 156, 179, 190, 193, 196-197, 203, 
205, 217, 221, 231, 238, 240-241, 254, 
256, 283, 291, 304-307, 309-310, 
314-316, 319, 321-324, 352, 354 

Soviet statistics, 1, 5, 9, 23-25, 64, 88, 
144, 146, 207, 230, 242, 253, 315, 317, 
326, 328, 357; black-out in, 255; re- 
liability of, 2-3, 103n, 129, 195, 199- 
200, 222, 270, 284, 327-328 

Soviet Union, see USSR 

Soviet Union 1935, Symposium, 344, 353 

Spain, iron ore, 189 

Spare parts, 48 

Spaskee magnetic anomaly, 177 

Spetstal', 37, 311 

Spiegel iron, 14n, 87, 108-109, 251 

Spies, 92-93; trials of, 262 

Spivak, L, 318, 343, 351 

Spravochnik koksokhimika, 121n, 353 
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Spravochniktsen na stroitel'nye materialy, 
38n, 345 

SSSR i kapitalicheskie strany, 14n, 231n 

Stail v imashinostroenii, spravochnik, 38n 

Stakhanov movement, 45, 251, 253, 258- 
259 

Stal’, 11n, 20n, 52, 132, 136, 179, 191), 
238n, 240n, 256n, 264, 306, 314), 
321n, 322n, 323n, 325n, 343, 345-359, 
361, 363-368, 370-371 

Stalin, Joseph, 9, 26, 28-29, 36, 65, 147, 
191, 199, 210-211, 214, 230, 232-234, 
267, 291, 295-296, 298-301, 304, 313, 
343-344. 347-348, 351, 353, 365, 367, 
370; prizes, 258-260, 263, 265, 308 

Stalin coal mine, 131 

Stalingrad, 86—88, 9o, 236, 238, 298; 
tractor works, 311, 313 

Stalingrad Oblast, iron ore reserves, 156 

Stalingrad stecl works, 349; continuous 
mills, 81 

Stalino, 100; Oblast, 323n, 324n 

Stalino steel works, 127, 299, 321-324, 
349; blooming mill, 75; reconstruction, 
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Stalinsk, 18, 128, 179, 183, 227, 289; 
Oblast, 88-89, 307 

Stalinsk steel works, 227, 295, 299, 306, 
349; limestone consumption, 101 

Stalproekt, 290 

Stampings, 283 

Standardization, 91 

Staro-Kramatorsk Machinery Works, 295 

Staro- Trubnyi Pipe Plant, 298, 304 

Staryi Oskol iron ore, 160-161 

State Bank, 37, 284-285 


State, budget, 31, 39, 42; farms, 194; 
power, 279; subsidies, 39, 41 

State Institute. for Planning Iron and 
Steel Works, 65, 290 

State Planning Commission, 24, 204, 


280-281, 288; pig iron output, 29; 
quality rolled steel, 19; restoration of 
ruined plants, 51 

Steam, 118; generating plant, 303 

Steel, acid-resisting, 15, 18, 22, 310; 
allocated to construction of mills, 43; 
Bessemer, 88, 197, 307; capacity, 232; 
capacity overrun by Germans, 234; 
carbon, 252-253, 311; carbon tool, 17; 
chrome-silicon, 18; consumers, 74, 
289, 316; consumption, 271, 277; con- 
verters, 74, 82, 215; demand for, 271; 
electric furnace, 17, 99, 309-314, 371; 
fabricated products, 283; finished, 1, 
252, 267, 281; foundry shops, 197; 
furnaces, 192; heat-resisting, 18, 22, 
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310; high-grade, 18, 298; low-carbon, 
14; machine-building, 292; magnet, 
18, 310; manufacture, 56, 273, 284; 
munitions, 11, 22-25, 292, 310n, 315- 
320, 360; open-hearth, 17, 32, 35, 78, 
88, 114, 144, 190, 196-197, 307; pre- 
cision-instrument, 18; production, 190, 
195-196, 199, 210, 212, 232, 255, 269, 
281, 303; production statistics, 10, 48, 
84, 198, 200, 221, 235-239, 268, 283, 
325-326, 350, 360; production statis- 
tics in U.S., 29-30; quality of, 263, 
272, 289; ratio of to pig iron produc- 
tion, 190-191, 194, 196-198, 272; re- 
search, 370; rimmed, 252-253; rust- 
less, 22; sections, 309-310; semifin- 
ished, 92, 269; shipments, 227; shell, 
18; skelp, 18, 294, 309, 319; special, 
281, 319, 370; spring, 18; stainless, 15, 
18, 310-311; structural, 22, 46, 233- 
234, 270, 297-298; tank, 18; Thomas, 
88, 197; tool, 22, 311, 319; total out- 
put, 327; transformer, 18, 310-311; 
types of, 252 

Steel Company of Wales, 262 

Steel, electric, production compared with 
United States, 17, 22 

Steel Facts, 78, 368 

Steel-hardening elements, 103 

Stiefel, mill, 295, 297-298, 303; process, 
76-77 

Stockpiles, 197, 229 

Stocks, 37 

Story of Scrap, The (Barringer), 193n, 
360 

Strassburger, J. H., 368 

Strip mills, 77, 294 

Stroiteľ naia Promyshlennost', 44n, 32.40, 
363 

Stroitel'naia stoimost' elementov goroda, 
346 

Stroka piatiletki, povest’ o bitve za staľ- 
noi list, 322n, 350 

Strumilin, S. G., 44n, 254n, 326, 328, 
344, 352, 366-367 

Suchan Basin, 141 

Sulin steel works, 64, 117, 295 

Sulphur, 4, 101—103, 115, 117, 119-121, 
123, 129, 134-142, 149, 151, 154-155. 
158, 162, 164-168, 171-176, 180-183, 
185-188, 223, 305 

Sulphuric acid, 25 

Sumgait, 77; pipe-rolling mill, 209, 299. 
304-395, 349 r 

Summary of the Fulfillment of the First 
Five Year Plan, 370-371 

Supreme Economic Council, 214 
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Supreme Soviet of the USSR, 26n, 56, 
147, 208, 234, 260, 280, 304, 346; 
Presidium, 279 

Surovoi, N. M. 322n, 347, 356, 360, 
362, 364 

Susingen iron ore, 185 

Suslov, P. S., 356 

Sverdlovsk, 170, 232, 289, 303, 306; steel 
mill equipment plant, 282, 313 

Sverdlovsk Oblast, 44, 87, 117, 164, 167, 
299, 305, 307; iron ore reserves, 156, 
165; manganese ore reserves, 106-107 

Svobodnyi Sokol’ steel plant, 37, 52, 102, 
159, 296, 324; reconstruction, 53 

Sweden, iron ore, 189 

Syr-laginsk region, 137-138 

Syromiatnikov, S. P., 356 


Taconite, 189, 277 

Tadzhik SSR, coal reserves, 128 

Taganrog, 299, 302-304 

Tagil-Kushva iron ore, 69, 167, 169- 
170, 297 

Tank manufacturers, 19, 311 

Tanks, 18-19, 21, 27, 196-197, 211-212 

Taranovsk region, iron ore, 177 

Tashtagol iron ore, 178-179, 181 

Taxes, 31, 42 

Technical Council, 280-281, 289-290 

Technological, development, 1; progress, 
113, 271—272, 290 

Technology, 81; American, 93; improve- 
ments in, 369; Western, 349 

Tekhnika Zheleznykh Dorog, 344, 364 

Tekhpromfinplan, 288-289 

Tekushchie prostoi (hot down time), 
248 

Tel bess iron ore, 178-180, 227, 365 

Telemechanics, 289 

Teliatnikov, L. N., 347 

Temir-Tau, iron ore, 178-181 

Temir-Tau steel plant, 53, 102, 108, 208; 
blast furnaces, 133, 299 

Teoriia razmeshcheniia promyshlennosti, 
363 

Tevosian, I. T., 147, 234, 348, 350 

Textile industry, 208, 210 

Third Five Year Plan (1938-1942), 91, 
93, 139, 202, 225, 227, 351, 364; 
1940 Plan, 225, 283n, 365; 1941 Plan, 
38, 104n, 109, 111, 113-114, 145, 147, 
152, 153n, 174, 187, 191, 193-194, 
238—240, 254, 256, 309-310, 318-320, 
325-326, 353, 360, 371; attention to 
Far East, 230; automatic controls, 261; 
blast furnace construction, 66-67, 116, 
161, 322n; distribution of iron ore re- 
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serves, 156; mine construction, 161; 
oxygen blast, 262; pipe mill construc- 
tion, 77, 303; quality steel, 312; scrap 
supply, 191; steel works construction, 
200, 205, 207, 210 

Thomas, converters, 157, 287, 294; proc- 
ess, 89 

Tie, plates, 89; sections, 309 

Tiflis, 142—143, 198; steel works, 200 

Tiflis-Baku railroad, 158 

Tikhomirov, I. G., 353-354 

Timber administration, 282 

Tin, 188 

Tinplate, 91, 296; mill, 297-298, 350 

Titanium, 14, 163-165, 306; dioxide, 
306; oxide, 165, 170-171 

Titanomagnetite, 307 

Titov, F. L, 358 

Tiumen', 212 

Tkvarcheli coal, 142-143, 298, 361; ash 
content, 142 

Tkvarcheli mines, 83; coal washer, 115 

Tkvibuli coal, 142-143, 298 

TNT, 25 

Tom' River, 129, 179 

Ton, metric, definition of, 10n 

Tractor industry, 16, 23, 234, 270, 316 

Trade unions, 199, 259, 279 

Trans-Baikal Basin, 207; coal reserves, 
128; steel development, 186, 235 

Transcaucasia, 86-88, 9o, 108, 142-143, 
205, 207, 233, 298-300, 304-305 

Transcaucasian iron and steel works, &s, 
77, 108, 142, 158, 200, 207, 307; 
limited supply of coking coal, 143 

Transcaucasian Railroad, 104, 142 

Transcaucasus, 83, 143, 235, 361; coke 
supplies, 274; iron ore, 148, 158-159; 
manganese orc reserves, 103, 226 

Transformer iron, 18 

Transport, see Transportation 

Transport machinery industry, 16 

Transportation, administration, 282; au- 
thorities, 109; burden, 183; conges- 
tion, 224; difficulties, 178; effects of 
specialization and large scale of plants 
upon volume of, 85-95, 350-351; ex- 
cessive, 203, 206; facilities, 276, 287, 
369; limitations, 136; load, 150; means 
of, 215; network, 85-87, 92, 94, 211, 
220; operations, 281; overload, 83, 91- 
93, 195; policy, 363; postwar, 364; 
problems, 63, 67, 92-93, 202; rail- 
road, 214; remedies, 91-93, 223; serv- 
ices, 224, 226; system, 72, 116, 216, 
224; underestimation of, 221-223; 
waste cf, 228 
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Trans-Siberian Railroad, 108, 129, 139- 
140; congestion, 224, 227; freight load, 
222 

Tretti piatiletnii plan razvitiia narodnogo 
Khoztaistva soiuza SSSR, 283n 

Trotskii, I. G., 44n 

Trotskyites, 92-93, 157, 206 

Trubostal’ Pipe Plant, 37, 282, 296, 302, 
304 

Trud, 209, 238, 240n, 241n, 254n, 258- 
259, 321n, 322n, 323n, 324n, 325n, 
343, 345-346, 348-349, 352, 355-363, 
365-368, 370-371 

Trusts, 280-282, 284, 302 

Tsarist, days, 200; engincers, 179; re- 
gime, 302; times, 207-208, 283, 287 

Tsiperovich, M. V., 355 

Tuiuk-Su coal, 142 
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